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SECTION  I 


SUMMARY 


This  report  describes  the  research  performed  under  contract 
DAAK  70-81  -C-0126  on  the  utilization  of  polymeric  bead  technology 
in  camouflage  coatings.  The  primary  objective  of  this  program 
was  to  determine  the  feasibility  of  adapting  polymeric  bead  tech¬ 
nology  to  the  Army's  needs  in  camouflage  coatings. 

Clear  polymeric  beads  were  used  in  place  of  all  inerts  in 
the  following  camouflage  specifications: 

Mi  I -E-52  798A,  Air  Dry  Alkyd  Enamel 

.  Mil-E-52929,  Flash  Dry  Alkyd  Enamel 

.  M i I -C-4 61 6 8A ,  Chemical  Agent  Resistant  Urethane. 

When  the  polymeric  beads  were  Incorporated  into  each  of  these 
specifications,  it  was  observed  that  the  beads  effectively  lower¬ 
ed  gloss  and  improved  mar-resistance,  cleanabillty  and  weather- 
resistance  of  the  coating. 


The  concept  of  a  transpaient  chemical-agent-resistant  ure¬ 
thane  over  coat,  containing  clear  vesiculated  beads,  was  also  in¬ 
vestigated.  The  intent  was  to  te  able  to  apply  this  clear 
urethane  over  tactical  vehicles  already  painted  with  conventional 
alkyd  camouflage  coatings  thus  imparting  c h em i c a  I  -  a g e n t - r e s i s t - 
ance.  Ten  micron  clear  vesiculated  beads  were  found  to  be  a 
necessary  part  of  this  formulation  in  order  to  achieve  the  low 
gloss  required  by  the  specification  without  harming  the  trans¬ 
parency  of  the  film. 


we  r 
For 
i  n  e 


A  variety  of  pigments  common  to 
e  encapsulated.  it  was  found 
cst  Green  camouflage  coating  in 
rts  were  replaced  with  pigmented 


camouflage  paint  formulation 
to  be  possible  to  produce  a 
which  all  prime  pigments  and 
beads  . 


The  research  summarized  in  this  report  indicates  that  poly¬ 
meric  bead  technology  can  be  beneficial  for  camouflage  coatings. 
Tiie  data  supports  the  conclusions  that  polymeric  beads  effective¬ 
ly  lower  gloss  v/hile  improving  the  mar-resistance,  cleanability 
and  weather-resistance  of  a  camouflage  coating. 


SECTION  I  I 
PREFACE 


This  report  was  prepared  by  J.  W.  Uphoff,  V.  R.  Ecker  ,  E. 
Ob e r g  and  J.  M.  Stone  of  the  Enterprise  Chemical  Coatings  Com¬ 
pany,  Wheeling,  Illinois,  under  Contract  DAAK  70-81 -C-01 2 6.  The 
title  of  this  research  project  was  "Polymeric  Beads  for  Organic 
Coatings," 


This  project  was  Issued  by  the  U.  S.  Army  Mobility  Equipment 
R  c  5  f  *?  r  c  h  i  n  H  n  p  v  p  |  n  pm  p  n  t  r  n  mm  a  n  jj  ^  P  r  c  c  j  t  am*  n  t  s  ti  h  Product  ic."  D  I  _ 
rectorate.  Fort  Belvoir,  Virginia,  in  coordination  v/ith  Fred 
Lafferman,  Chief  -  Or g a n I c s / Ch em i c a  I  Coatings  Research  Group. 
The  conti act  was  administered  by  DCASMA,  Chicago,  O'Hare  Inter¬ 
national  Airport,  Chicago,  Illinois. 


The  research  performed  under  this 


contract  was  conducted 


from  July,  1981  through  June,  1982. 


SECTION  I  I  I 


COPYRIGHT  PERMISSION 


The  material  used  In  thie  report  does  not  require  copyright 
permission.  It  shouiu  be  noted  that  the  polymeric  beads  are 
manufactured  by  a  process  that  is  patended  by  Dulux  Australia 
Limited,  Melbourne,  Australia  (Patent  #3.822,224). 


SECTION  IV 


INTRODUCTION 


In  July,  1981,  the  U.  S.  Army  Mobility  Equipment  Research 
and  Development  Command  (MERADCOM)  awarded  contract  DAAK  70-81- 
C-0126  to  the  Enterprise  Chemical  Coatings  Company  to  investigate 
the  utilization  of  polymeric  bead  technology  in  camouflage  coat¬ 
ings.  "^The  primary  objective  of  this  program  was  to  develop  a 
beaded  camouflage  coating  that  has  the  following  benefits  while 
still  conforming  to  the  spectral  and  performance  characteristics 
of  the  Army  camouflage  specifications;. 


■9 


Improved  mar  resistance 


J 


j>  Improved  weather  resistance  -  ^  ,u  f 


v>  Improved  cost  effectiveness. 


A, 


These  improvements  in  camouflage  coatings  are  important  to 
the  Army  for  several  reasons.  Conventional  coatings  mar  very 
easily  due  to  the  high  loading  of  inerts  required  to  achieve  the 
very  low  gloss  specified.  The  marring  is  detrimental  to  both  the 
visual  appearance  of  the  coating  as  well  as  harming  the  film's 
infrared  color  properties. 


Conv  ntional  camouflage  enamels  tend  to  generate  a  white 
chalk-face  upon  weathering  due  to  the  large  quantities  of  inerts 
that  are  typically  in  these  formulas.  The  white  chalk-face  will 
also  destroy  the  camouflage  spectral  color  characteristics  of  the 
coat  1 n  g . 


With  the  advent  of  the  Army  moving  toward  utilization  of  a 
more  expensive  urethane  coating,  the  need  for  cost  effective  for¬ 
mulations  becomes  increasingly  important.  Pigmented  beads  offer¬ 
ed  a  potential  formulation  tool  for  reducing  total  pigment  costs 
in  camouflage  systems. 

With  these  goals  in  mind,  contract  DAAK  70-81-C-O126  was 
started  to  determine  whether  the  use  of  polymeric  beads  would 
offer  a  feasible  solution  to  the  Army's  future  camouflage  coat¬ 
ings  requir  eme  n  t  s . 


SECTION  V 


BACKGROUND 


This  report  describes  the  steps  that  were  taken  to  determine 

the  feasibility  of  using  beads  in  camouflage  coatings  systems, 

in  order  to  understand  the  terminology  associated  with  polymeric 
bead  technology  a  few  of  the  terms  that  are  commonly  used  are 

defined  below: 

A.  POLYMERIC  BEADS 

A  Polymeric  bead  is  a  microscopic  sphere  that  is  produced  by 
a  patented  suspension  polymerization  process.  The  polymer¬ 
ization  of  an  unsaturated  polyester/styrene  mixture  forms 
the  polymeric  structure  of  the  bead.  The  research  performed 
under  this  contract  was  done  with  beads  that  were  either  25 
microns  or  10  microns  in  top  size. 

B.  POLYMERIC  BEAD  CLASSIFICATIONS 

Polymeric  beads  can  be  classified  into  four  main  categories: 
.  Clear  Solid  Polymeric  Beads 
.  Clear  Vesiculated  Polymeric  Beads 
.  Pigmented  Solid  Polymeric  Beads 
.  Pigmented  Vesiculated  Polymeric  Beads. 


1  . 


Clear  Solid  Polymeric  Beads 


A  solid  polymeric  bead  is  c  omp  rised  of  a  solid 
mass  of  polymerized  unsaturated  polyester/styrene 
resin  mixture. 


Clear  Vesiculated 


Beads 


A  vesiculated  bead  contains  entrapped  air  vessi- 
cles.  The  outer  shell  of  the  beads  and  the  walls 
of  each  vessicle  are  composed  of  the  polyester/ 
styrene  polymer.  As  light  is  refracted  by  the 
interfaces  of  the  vessicles  of  the  bead,  a  whi¬ 
tening  or  opacifying  optical  effect  occurs. 


V-l 
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Pigmented  Solid  Polymeric  Bead* 


Pigment  can  be  added  to  polyester/styrene  mixtures 
to  form  a  solid,  pigmented  polymeric  mass. 


4 .  Pigmented  Vcslculated  Polymeric  Beads 


En c a p s u I  a t I o n  of  pigment  In  a  vcslculated  bead 
results  In  a  random  distribution  of  pigment 
particles  within  the  polymeric  walls  that  surround 
each  air  vessicie.  Figure  1  is  a  photograph  taken 
by  a  scanning  electron  microscope  of  a  field  of 
titanium  vesiculated  beads.  Figure  2  is  a 
photograph  of  one  eleven  micron  bead.  The  shadowy 
dimpled  areas  are  the  vessictes  as  seen  from  an 
outside  view  of  the  bead.  A  cross-stcilon  of  a 
vesiculated  bead  is  shown  in  Figure  3.  The  inside 
of  a  vesiculated  bead  has  a  honeycomb  structure. 
The  dark,  shaaowy  areas  are  the  air  vessicles 
while  the  very  white  areas  are  the  titanium 
pigment  that  has  been  encapsulated  in  the  walls  of 
the  bead. 


The  majority  of  the  research  work  performed  under  this  con¬ 
tract  was  done  with  clear  vesiculated  polymeric  beads  as  a  re¬ 
placement  for  the  conventional  talcs  and  Inerts  that  are  typi¬ 
cally  used  to  lower  the  gloss  and  sheen  of  camouflage  systems. 
Vesiculated  beads  were  cnosen  because  a  comparison  of  clear, 
solid  and  clear  vesiculated  beads  showed  that  the  vesiculated 
beads  lower  gloss  more  efficiently,  with  a  minimal  effect  on  cost 
and  cole."  properties.  Clear  beads  were  also  selected  for  our 
Initial  work  so  that  the  effect  of  the  bead  alone  could  be  exam¬ 
ined  in  a  camouflage  coating  (see  Table  1). 


In  order  to  determine  the  feasibility  of  utilizing  polymeric 
beads  in  camouflage  coatings,  It  was  necessary  to  evaluate  the 
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Additional  information  is  presented  that  describes  our  ef- 
forts  to  make  2  transparent,  low  gloss,  c h em I c a  I  -  a g e n t- r e s  i t t a n t 
urethane  coat  I  r  g  with  clear  polymeric  beads.  This  cor.  c  ept  would 
allow  the  Army  to  repaint  tactical  vehicles  that  had  been  pre¬ 
viously  coated  with  conventional  alkvd  camouflage  systems  with  a 
clear  coating  that  would  give  the  vehicle  chemlcal-agent-re»lst- 
ance  while  maintaining  the  originrl  camouflage  spectral  proper¬ 
ties.  The  beads  are  necessary  to  provide  the  required  low  ;  1  os  s  . 
Use  of  conventional  inerts  to  lower  gloss  in  the  clear  urethane 
would  cause  the  film  to  become  opaque  and  distort  the  original 
c  amou  flage  color. 

The  remainder  of  our  research  work  centered  around  replace¬ 
ment  of  all  conventional  camouflage  pigments  and  inerts  with  pig¬ 
mented  vesculated  beads.  Results  of  that  work  are  also  present¬ 
ed  in  this  report. 


SECTION  VI 


I NVEST I G> T I  ON 


During  the  course  of  this  contract,  our  research  determined 
that  polymeric  beads  can  be  used  successfully  in  camouflage  coat¬ 
ings  to  provide  a  low  gloss  finish  that  has  improved  mar-resist¬ 
ance,  and  improved  weather -resistance  over  current  camouflage 
coating  systems.  It  was  also  determined  that  the  clear  po’ymerlc 
bead  structure  Is  resistant  to  the  harsh  d  e  c  o  n  t  am  i  n  a  n  t  ,  DS^  a* 
well  as  other  chemical  agents.  An  evaluation  of  clear  polymeric 
beads  in  M I  I  -C-4 61  6 8A ,  Aliphatic  Polyurethane,  showed  that  these 
beads  are  c h em I c a  I -a g e n t- r e s i s t a n t . 

Formulas  for  the  following  camouflage  spr c I f I  cat  I  on!  and  the 
respective  colors  In  those  specifications  have  been  developed 
utilizing  polymeric  bead  technology: 

.  Ml  I  -E- 5  7  798A,  Air  Dry  Alkyd  Enamel,  Forest  Green, 

Type  I  and  Type  II 

*  Ml  I  - b' -  52929,  Flash  Dry  Alkyd  Enamel,  Forest  Green, 

Typo  I  and  Type  II 

•  M i  I -C-4 6 1  6 8A .  Chemical  Agent  Resistant  Coating 
-  Colors  : 

Forest  Green,  Lead-Containing 
—  Forest  Green,  Lead-Free 
Black 

--  Aircraft  Insignia  Blue 
--  Field  Drab 

Olive  Drab  (Federal  Color  Standard  595-34087) 
Sand 

Aircraft  White 
Aircraft  Black 
--  Aircraft  Green 
—  Clear. 

A  clear  cheml c a  I -ag en t- r e s i s t an t  urethane  top  coat  formula, 
containing  clear  vesiculated  beads  was  developed  tor  the  purpose 
of  top  coating  existing  camouflage  coatings  that  are  not  chem- 
Ical-agent-reslstant.  The  clear  coating  has  the  low  gloss  re¬ 
quired  of  a  camouflage  coating  and  does  not  distort  the  spectral 
properties  of  the  original  coating. 


A  Forest  Green,  conforming  to  MII-C-461  6  8A,  urethane,  was 
also  developed,  utilizing  pigmented  vesiculaied  beads  in  the 
place  of  all  prime  pigments  and  Inerts  In  the  fo  r mu  I  it  ion.  Opti¬ 
mization  of  this  formula  is  not  c  omp lete  but  our  research  indi¬ 
cates  that  this  is  a  feasible  approach. 

Actual  test  results  are  included  In  Section  VII  of  this  re¬ 
port.  The  most  significant  test  methods  and  equipment  actually 
used  for  test  purposes  are  described  In  Table  ...  While  the  other 
physical  properties  required  by  each  specification  were  also 
evaluated  on  final  beaded  formulations,  those  tests  listed  in 
Table  2  were  run  routinely  on  samples  in  order  to  determine  the 
direction  our  research  should  follow. 

Since  there  was  no  previously  published  research  literature 
on  the  use  of  polymeric  beads  In  camouflage  coatings.  It  was 
necessary  to  first  determine  which  clear  bead,  solid  or  vcslcu- 
lated  gave  the  most  desirable  properties.  The  flow-chart  of 
Table  3  describes,  very  simply,  the  path  our  research  on  clear 
beads  followed  during  the  course  of  this  contract.  The  camou¬ 
flage  coatings  subsequently  developed  with  clear  veslculated 
beads  met  tne  requirements  outlined  in  each  respective  specifi¬ 
cation. 


TABLE  3 


CONVENTIONAL  CAMOUFLAGE  COATING 


I 


_ v _ 

I  Insert  Clear  I 
I  Solid  Beads  I 
I  I  n  p  I  a  c  c  o  f  I 
I  I  n  e  r  t  s  i 


I 

I 


_ v _ 

I  Insert  Clear  Veslculated  I 
I  Beaos  In  place  of  Inerts  I 

I  Gloss  and  sheen 
I  color  - 
I  satisfactory 
I 


_ _ v _ 

I  I  I 

I  I  I 


I  I M  I  I -E -52929  I  I M i  I -E - 5 2  79 8A I 
I  IFortst  Green!  IForest  Greenl 
I 

_ v _ 

I  Gloss  and  sheen  I 
I  results  satisfactory  I 
I  but  not  as  efficient  I 
I  as  veslculated  bead  I 


v  v 

i  M  i  I-L-46I6  8AI  I  M  1  I -C-4  61  6  8A  I 
IForest  Greenl  IClear  Over  I 

I  I _ Coat  I 

I 

I 


_ v _ 

I  Match  r  ema i  n  I  n  g  I 

I  colors  ' n  Ml l-C-461 6 8A  I 
I  specification _ _ _ I 
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SECTION  V  I  I 


**r 


D I SCUSS ION 


At  the  beginning  of  this  contract,  large  standard  lots  of 
the  raw  materials  used  in  conventional  camouflage  coatings  were 
set  aside  for  the  purposes  of  our  work.  This  was  done  so  that  we 
could  assure  ourselves  that  any  changes  between 


c  on  i  q  assure  ourseivcs  mu  any  cnanges  De  tween  a  conventional 
camouflage  coating  and  the  beaded  camouflage  coating  were  attri¬ 
buted  to  ;ha  bead  alone. 


The  objective  of  the  initial  series  of  experiments  conducted 
was  to  determine  if  all  of  the  conventional  gloss  reduction  ma¬ 
terials  used  in  camouflage  coatings,  such  as  talc  and  dlatoma- 
ceous  silicas,  could  be  replaced  with  clear  beads  and  still  ob¬ 
tain  the  required  gloss  and  sheen.  At  th!<  point,  we  removed  all 
of  the  inerts  in  a  Ml  I -C-4 61  6 8A ,  Forest  Green  formula,  and  In¬ 
serted  0.4  pounds  per  gallon  of  clear  solid  beads  in  one  sample 
and  0.4  pounds  per  gallon  of  clear  veslculated  beads  in  another 
simple.  The  results  of  this  trial  are  >  u.TnT.i  r  iced  in  Table  1. 
From  the  data  it  can  be  seen  that  the  clear  veslculated  bead 
lowered  the  gloss  and  sheen  into  the  specified  range  while  the 
clear  solid  bead  formula  was  out-of-specification.  The  next  step 
was  to  determine  the  quantity  of  solid  beads  required  to  achieve 
the  same  gloss.  Note  that  five  (5)  times  as  many  solid  beads 
were  required  to  achieve  the  same  gloss  and  sheen  obtained  with 
clear  veslculated  beads. 

Based  on  the  results  of  our  initial  seti  of  experiments,  we 
then  proceeded  to  introduce  clear  veslculated  beads  into  the 
three  primary  camouflage  specifications.  A  summary  of  the  re¬ 
search  performed,  and  data  obtained  in  each  specification,  is 
described  In  the  following  subsections. 

A.  CLEAR  VEStCULATED  BEADS 


1 .  MII-E-52929,  Flash  Dry  Alkyd  Ename 
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experiment  was  conducted  in  which  we  made  samples  of 
MII-E-52929,  Forest  Green,  Type  I,  at  bead  levels  of 
0.3  pounds,  0.4  pounds  and  0.5  pounds  per  gallon.  The 
color  and  gloss  results  of  this  test  are  s  umm  ar  i  zed  in 
Table  4  . 
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TABLE  4 


MIL-E-52929,  FOREST  GREEN 

COMPARISON  OF  VARIOUS  CLEAR,  VESICULATED  BEAD  LEVELS 


Bead 

1.  <"  v  <*  1 

!  J ° 

1  Gloss 

1  85 0 

1  Sheen 

1  Cap 

1  "V " 

Lx  1 

Ly  .  _  .. 

0.3  # / G a  1 . 

1 

1  1.2 

1 

1  1.0 

1 

1  9.87 

1 

0.31  774 1 

i 

0 . 3  761  0 

0.4  #/ Ga 1 . 

1 

1  0.4 

1  0.8 

1  10.32 

0. 31  91  8  1 
1 

0. 3  8229 

0.5  ft  Gal. 

1 

1  0.3 

1 

1  0.8 

1 

1  10.79 

0.32012  1 

0 . 3  8449 

As  can  be  seen  from  these  results,  the  0-4  pounds  per 
gallon  level  of  clear  vesiculated  beads  offered  the 
most  desireable  combination  of  color  properties  and 
gloss  control.  The  remainder  of  our  wo  r  V.  with  this 
specification  was  therefore  based  on  the  0.4  pounds  per 
gallon  level. 


The  starting  for mu  I 
52929,  Forest  Green, 
in  Figure  4.  The 
curve,  and  position 
is  s  h  own  in  Figures 


ation  for  the  conventional  Mll-E- 
Type  i  camouflage  coating  Is  shown 
gloss  and  color  readings,  color 
within  the  ellipse  for  this  system 
5,  6  and  7  respectively. 


The  initial  starting  formulation  we  used  to  incorporate 
25  micron  clear  vesiculated  beads  at  an  0.4  pound  per 
gallon  level  Is  shown  in  Figure  8.  In  this  formula¬ 
tion,  we  first  dispersed  the  prime  pigment  on  a  sand 
mill  to  a  7  N.S.  dispersion,  then  added  the  beads  and 
sand  milled  the  entire  for  mu  la  to  a  4  N.S.  grind.  The 
gloss  and  color  readings,  color  curve  and  position 
within  the  ellipse  are  shown  in  Figure  9,  10  and  11. 
Note  that  the  Cap  "Y"  and  670  wavelength  reading  are 
both  high.  We  were  unable  to  move  the  color  completely 
into  the  specification. 


A  series  of  wetting  agents  were  evaluated  to  determine 
if  the  color  could  be  moved  into  the  required  range. 
The  results  of  that  evaluation  are  s  umma  r  i  z  e  d  in  Table 
5.  However,  while  the  AMP  ( 2  -  am  I n o - 2 -me t h y I - 1 -p r o p a  - 
no!)  had  the  most  noticeable  effect  on  the  color  we 
still  were  unable  to  move  the  color  Into  position. 


An  attempt  to  use  a  10  micron  clear  vesiculated  bead  in 
place  of  a  25  micron  bead  was  then  made  to  see  if  the 
smaller  bead  would  give  a  lower  brightness  reading. 
The  results  of  this  experiment  are  shown  In  Figures  12, 
13  and  14.  The  smaller  bead  size  did  not  help  improve 
the  brightness  enough  to  allow  us  to  shade  the  color 
into  the  required  ellipse. 
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In  the  next  phase  of  our  work,  the  25  micron  clear 
vesicutated  beads  were  added  to  the  formula  at  the  same 
time  the  prime  pigments  were  added.  The  entire  pig¬ 
ment/bead  paste  was  then  sand  milled  until  a  4  N .  S  . 
dispersion  was  obtained.  This  method  of  processing  was 
successful  in  that  the  color  could  be  readily  shaded 
Into  the  ellipse.  The  color  results  are  displayed  in 
Figures  15,  16  and  17.  After  repeating  this  experiment 
several  times  to  confirm  our  results,  the  formula  shown 
In  Figure  18  was  established  as  our  final  beaded  formu¬ 
la  for  Ml  I— E  —  52929,  Flash  Dry  Enamel,  Forest  Green, 
Type  I.  It  was  with  this  formulation  that  we  began 
physical  testing  of  the  coating  versus  the  speci¬ 
fication. 


During  the  course  of  our  testing,  it  was  observed  that 
the  beaded  coating  displayed  two  p, imary  benefits  over 
the  conventional  flash  dry  system.  They  are: 

.  Significantly  improved  mar-resistance 


Better  color 


retention  upon  weathering. 


The  improvement  In  mar-res  I  $  unce  is  best  shown  in 
Figure  19.  This  photograph  shows  side-by-side  panels 
of  a  conventional  and  beaded  camouflage  flash  dry  alkyd 
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the  surface  of  both  panels  at  a  const  nt  pressure. 

From  the  photograph  it  Is  evident  that  the  conventional 
system  marred  severly  while  the  beaded  system  showed 
little  or  no  marring.  A  sample  of  this  beaded  system 
was  sent  to  Bendix  Communications  for  evaluation  be¬ 
cause  they  were  having  problems  with  the  conventional 

MII-E-52929,  Flash  Dry  Enamel,  marring  during  their 
equipment  assembly.  Their  testing  confirmed  that  the 
beaded  Mi  I— E— 52929  had  superior  ma r - r e s i s t an c e  to  the 
conventional  formulation. 


The  photograph  in  Figure  20  shows  the  Q-U-V  Weather- 
Om  eter  tests  that  were  run  on  the  conventional  and 
beaded  systems.  These  panels  were  exposed  for  300 
hours  In  the  Q-U-V.  Note  that  the  conventional  system 
has  a  white  chalk-face  after  300  hours  exposure.  The 
chalking  destroys  the  original  camouflage  color  pro¬ 
perties  of  the  coating.  However,  the  beaded  panel  does 
not  exhibit  the  same  chalking  tendency  since  there  are 
no  inerts  in  this  system.  This  fact  is  evidenced  by 
the  noticeable  difference  in  Cap  "Y"  reading  on  the 
exposed  panels.  The  color  and  gloss  result]  for  the 
exposed  panels  are  summarized  in  Figure  21. 
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FIGURE  19 


MIL-E-52929,  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY ,  TYPE  I, 
MAR-RESISTANCE  COMPARISON  OF  CONVENTIONAL  VS.  BEADED  SYSTEMS 


Once  the  formulation  for  the  beaded  Mil-E-52?29,  Forest 
Green,  Type  I  was  developed,  the  same  technology  was 
utilized  to  develop  a  Type  II,  Lead-Free,  Flash  Dry 


A  I  k  y  d  .  The  Type  II 
beaded  formulation, 
gloss  measurements 
In  Figures  22 ,  23, 

and  Weather-Ometer 


conventional  formulation,  the  final 
and  the  results  of  the  color  and 
on  the  beaded  system  are  displayed 
24,  25  and  26.  The  ma r - r e s i s t a n c e 

results  of  the  beaded,  Type  II, 


Flash  Dry  system  showed  the  same  trend  as  with  the  Type 
I  version. 


Ml  I-E-52798A,  Air  Or 


E  n  ame ! 


The  techniques  used  to  formulate  M I ! -E- 52 79 8A ,  Forest 
Green,  are  very  similar  to  those  used  for  the 
MII-E-52929  ' o rmu I  a t I o n .  Therefore,  the  0.4  pounds  per 
gallon  level  of  clear  vesiculated  beads  was  substituted 
for  all  Inerts  In  the  conventional  MM-E52  798A  formula¬ 
tion.  As  can  be  seen  from  the  data,  this  level  of 
beads  brought  the  color  and  gloss  into  the  limits  re¬ 
quired  by  the  specification  for  noth  the  Type  I  and 
Type  II  formulas.  The  conventional  formulations  for 
MM-E-52798A,  Forest  Green,  Type  I  and  II  are  shown  in 
Figures  27  and  28.  The  subsequent  beaded  formulations 
for  Type  i  and  Type  II,  as  well  as  the  resulting  color 
and  gloss  data  are  provided  in  Figures  29  to  36. 

Tho  final  beaded  formulations  for  Forest  Green,  Type  I 
and  Type  II  were  then  evaluated  against  the  specifica¬ 
tion.  Once  again,  the  beaded  coatings  proved  to  have 
superior  ma r - r e s I  s t a n c e  and  we  a t h e r ab i  I  i  t y  to  the  con¬ 
ventional  alkyd  camouflage  system.  The  photograph  In 
Figure  37  shows  panels  of  conventional  and  beaded 
M I  I -E- 52  798A ,  Forest  Green,  Type  I,  after  exposure  in 
the  Q-U-V  Weather  -Ome  t  e  r  for  300  and  500  hours.  The 
conventional  system  again  has  a  heavy  white  chalk-face 
while  the  beaded  system  more  closely  retains  its  ori¬ 
ginal  color  characteristics.  The  weathering  data  for 
this  seriss  of  panels  is  summarized  in  Figure  38. 


Mil  -C-4  61  68A .  Chemical 


;ent  Resistant  Urethane 


The  first  point  to  be  reconciled  in  formulating 
Mi  I -C-461  68A  with  beads  was  whether  the  polymeric 
structure  of  the  beads  is  resistant  to  the  chemical 


decontami nant 


Samples  of  clear  vesiculated  and 


clear  solid  beads  were  submitted  to  Ft.  Belvoir  for  DS^ 
testing  and  found  to  be  resistant  to  this  harsh  decon- 
taminarit.  A  sample  of  a  vesiculated  bead  which  was 
pigmented  with  an  organic  brown  that  was  known  to  be 
susceptible  to  U  5  ^  attack  was  also  submitted.  When  D  5  2 
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FIGURE  37 


Ml  L-E-52 798A,  ENAMEL  ALKYD ,  FOREST  GREEN,  TYPE  !, 
300  HOUR  AND  500  HOUR  Q-tJ-V  WEATHER-OMETE R  PANELS  OF 
CONVENTIONAL  AND  BEADED  SYSTEMS 


was  applied  to  the  organic  brown  bead  the  brown  was 
dissolved  from  the  inner  walls  of  the  vesiculatod  bead 
but  the  polymeric  structure  of  the  bead  itself  remained 
intact.  Based  on  these  results,  it  appears  that  in 
order  to  use  a  pigmented  vesiculated  bead  in  Mil-C- 
461  68A,  the  pigment  must  be  c h em I c a  I  -  a g e n t - r e s i s t a n t 
since  the  vesiculated  structure  of  the  bead  allows  the 
DS^  to  enter  the  bead  and  cannot  protect  the  pigment. 

The  first  step  in  formulating  a  M i I -C-4 61 6 8A ,  Forest 
Green,  Type  I  with  clear  vesiculated  beads,  was  to 
replace  a'l  inerts  with  0.4  pounds  per  gallon  of  poly¬ 
meric  beads.  Since  the  urethane  Is  a  two-component 
system  that  Is  mixed  four  (4)  parts  A  (Base)  to  one  (1) 
Part  B  (Activator),  it  is  necessary  to  remember  that 
the  0.4  pounds  per  gallon  bead  level  is  based  on  a 
total  mixed  gallon  of  the  two  components.  As  with  the 
beaded  air  dry  alkyd  and  the  flash  dry  alkyd  systems, 
the  beaded  MII-C-4  61  6  8A  Urethane,  had  better  ma  r  - 
resistance  and  weathering  when  compared  to  the  conven¬ 
tionally  formulated  system.  The  conventional  starting 
formulation  that  was  used  is  shown  In  Figure  39  while 
the  beaded  version  is  listed  In  Figure  40.  Color  data 
on  the  beaded  formulation  Is  displayed  in  Figures  41, 
42  and  43.  Results  of  the  weathering  tests  on  Forest 
Green,  Type  I  are  Included  in  Figure  44. 

Other  colors  in  the  Mil ~C -4616 8A  quality  that  have  been 
developed  with  clear  vesiculated  beads  are:  Forest 
Green  (Type  II),  Black,  Field  Drab,  Olive  Drab 
(#34087),  Sand,  Insignia  Blue,  Aircraft  White,  Aircraft 
Black  and  Aircraft  Green.  In  each  case,  a  level  of  0.4 
to  0.43  pounds  of  beads  was  used  per  mixed  gallon.  The 
prime  pigment  ratios  in  some  beaded  formulas  had  to  be 
altered  slightly  from  the  conventional  formula  In  order 
to  compensate  for  the  increase  in  Cap  "Y*  that  the 
vesiculated  bead  causes.  Formulations  and  spectral 
data  for  each  of  the  beaded  colors  mentioned  above  are 
given  in  Figures  45  t  li  rough  62.  Q-U-V  weathering  tests 
have  not  been  completed  on  all  of  the  beaded  urethane 
colors  at  the  time  this  report  was  issued.  However, 
the  photograph  in  Figure  63  displays  results  of  300 
hour  Q-U-V  tests  on  the  conventional  and  beaded  Black 
and  Field  Drab  formulations. 

4.  M I  I -C-4 61  6 8A ,  Clear  Beaded  Urethane  Over  Coat 

The  Army's  decision  to  eventually  require  chemical- 
age  n  t-  r  e  s  i  s  t  a  n  t  coatings  ( CARC )  on  all  tactical  equip¬ 
ment  initiated  the  idea  that  perhaps  a  transparent, 
!v.v- gloss,  chemlcal-agent-resistant  urethir.  e  could  be 
developed  to  apply  over  conventional  alkyd  camouflage 
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FIGURE  6  3 

MIL-C-4M68A,  ALIPHAVIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
300  HOUR  Q-U-V  WEATHER-OMETER  PANELS  OF  FIELD  DRAB  AND  BLACK 
CONVENTIONAL  VS.  BEADED  SYSTEMS 
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coatings.  This  concept  would  make  the  coating  system 
c h em I c a  I  -  a g e n t - r e s  I  s t a n t  and  would  significantly  reduce 
the  cost  of  repainting  vehicles  in  the  field  since  a 
clear  urethane  over  coat  would  be  much  less  co  tly  than 
a  pigmented  camouflage  urethane. 


not  be 


The  clear,  !ow-gloss  over  coat  concept  could 
accomplished  with  conventional  Inerts  since  talcs  and 
silicas  wou'd  give  the  film  a  partially  opaque  appear¬ 
ance.  However,  clear  vesiculated  beads  offered  a 
possible  formulation  tool  to  achieve  both  the  low-gloss 
and  the  transparency. 


In  our  first  experiment,  we  used  25  micron  clear  vesi- 
culated  beads,  at  a  0.57  pounds  per  admixed  gallon 
level,  In  a  clear  MII-C-46168A  formulation.  This  coat¬ 
ing  was  then  applied  at  0.5  mil  OFT  (dry  film  thick¬ 
ness)  over  a  panel  that  had  been  coated  with  Ml  I  —  E  — 
5279 8A ,  Forest  Green  Alkyd.  The  25  micron  clear 
vesiculated  bead  was  not  transparent  enough,  causing 
the  total  coating  system  to  have  slightly  distorted 
color  values. 


The  next  jet  of  experiments  were  conducted  using  a  10 
micron  clear  vesiculated  bead  a:  a  paund-for-pound 
replacement  for  the  25  micron  bead  in  the  clear  ure~ 
thane  formulation.  This  system  was  also  applied  at  0.5 


»  I.  .  Kail  P  fA  9rt6l  >  I  «...  -I 

t  ii  c  mil  —  q  —  j  d.  i  ?  o  t  r  u  i  c  *  t  'Jiceii  m  fcyu  . 


These  results  r re  summarized  In  Table  6. 


The  10  micron  clear  vesiculated  bead  lowers  the  gloss 
anc  sheen  into  the  required  range  and  is  transparent 
enough  to  permit  the  original  camouflage  color  proper¬ 
ties  of  the  alkyd  to  show  through  the  urethane  coating. 


The  weathering  of  the 


total  system  of  the  clear  beaded 
urethane,  applied  at  0.5  mils  DFT  over  the  Mi  I  — E  — 
5279 8A,  Forest  Grsen,  Alkyd  Enamel,  was  then  evaluated. 
Pane’s  of  this  system  were  exposed  In  the  Q-U-V  Wea- 
ther-Ometer  for  300,  400  and  500  hour;.  The  conven¬ 

tional  Mil-t-52798A  was  only  exposed  for  300  hours 
sircc  the  Cap  "Y"  had  already  changed  so 
during  that  exposure  period.  Results 
testing  are  summarized  in  Table  7. 


o  f 


dramit I  cal  I y 
the  exposure 


The  results,  as  indicated  in  Table  7,  show  that  the 
clear  beaded  urethane  over  coat  effectively  minimizes 
the  white  chalk-face  that  normally  occurs  when  a  con¬ 
ventional  alkvd  is  weathered. 


Since  the  clear  beaded  urethane  would  be  applied  over  a 
weathered  finish  when  repainting  a  vehicle  in  the 
field,  we  felt  it  necessary  to  check  the  Intercoat 
adhesion  and  the  effect  of  the  clear  coating  on  color 
of  the  weathered  finish.  To  make  this  determination, 
we  exposed  panels  of  Mil -E -5279 8A,  Forest  Green,  Alkyd 
Enamel,  In  the  Q-U-V  Wea  ther-Omoter  for  200,  400  and 
500  hours.  We  then  sprayed  0.5  mils  DFT  of  the  clear 
beaded  urethane  over  these  exposed  panels  and  checked 
color  and  gloss.  This  data  is  shown  in  Table  £• 

From  these  results,  one  can  see  that  the  clear  beaded 
urethane  nearly  returned  the  Cap  *Y"  of  the  exposed 
panel  back  to  Its  original  value.  Also,  there  were  no 
signs  of  Intercoat  adhesion  failure  between  the  clear 
urethane  and  the  weathered  alkyd  coating. 

Based  on  the  above  data,  the  concept  of  a  clear,  beaded 
urethane  appears  to  be  a  very  feasible  approach  for 
repainting  vehicles  in  the  field.  This  system  Is  also 
currently  being  evaluated  by  Grumman  as  a  clear  over 
coat  for  stencils  to  make  them  chemical-agent-resist¬ 
ant.  Initial  test  results  by  Grumman  look  very  pro¬ 
mising. 

CLEAR  SOUP  BEADS 

Based  on  the  data  obtained  in  Tible  1,  very  little  of  our 
research  time  on  this  contract  was  spent  investigating  clear 
solid  beads.  In  order  to  achieve  the  low  gloss  required  for 
camouflage,  we  determined  that  five  (5)  times  the  level  of 
solid  beads  were  needed  to  achieve  the  same  gloss  level  as 
with  vesiculated  beads.  We  felt  that  the  high  level  of 
solid  heads  would  be  too  cost-prohibitive  for  the  Army's 
end-use  assuming  the  solid  and  vesiculated  beads  are  at 
equal  cost. 

One  experiment  we  did  conduct  with  clear  solid  beads  was  the 
addition  of  these  beads  to  the  M I  I -C-4 61  6 8A ,  Clear  Urethane 
Over  Coat.  To  the  clear  urethane,  1.25  pounds  per  admixed 
gallon  of  clear  solid  beads  were  added.  At  this  level,  the 
60  degree  gloss  was  still  higher  than  required  by  the  speci¬ 
fication  (Actual  2.6  —  Specification  1.0  maximum).  This 
clear,  solid  beaded  urethane  coating  was  then  sprayed  at  0.5 
mils  DFT  over  a  MII-E-5279  8A,  Air  Dry  Alkyd,  Forest  Green 
and  exposed  in  the  Q-U-V  We  a t h e r -Ome t e r .  Results  of  this 
weathering  study  are  summarized  in  Table  9. 

The  data  shown  In  Table  9  demonstrates  that  the  clear  solid 
beaded  urethane  over  coat  protects  the  conventional  alkyd 
camouflage  coating  so  that  a  white  chalk- face  will  not  occur 
upon  weathering. 


be 


k  m 


The  clear  solid  beaded  urethane  had 
ance.  The  Intercoat  adhesion  between 
and  the  alkyd  finish  were  also  observed 
no  adhesion  loss  was  noted. 


excellent  mar-reslst- 
this  urethane  coating 
to  be  very  good  — 


PIGMENTED  BEADS  FOR  CAMOUFLAGE 


The  concept  of 
p  i gme n t  s  and 
appeared  to  be 


a  camouflage  coating 
inerts  are  replaced 
a  very  logical  use  of 


In  which  all  the  prime 
with  pigmented  beads 
bead  technology.  Theo- 


t  wo  u I d  be 
imp  I emen  t  a- 
s  far  mo  r  e 


reticalty,  pigmented  beads  would  lower  gloss,  improve  mar- 
resistance,  improve  weatherability  (duo  to  removal  cf 
Inerts),  and  hopefully  reduce  cost  since  the  color  pro¬ 

perties  of  an  expensive  pigment  such  as  cobal 
maximized  through  encapsulation.  However,  the 
t I  on  of  pigmented  beads  into  camouflage  coatings  ! 
complex  than  the  implementation  of  clear  beads  due  to  the 

wide  variety  of  pigments  to  be  encapsulated  and  the  subse¬ 

quent  color  matching  that  would  be  required.  Therefore,  we 
tested  the  concept  in  our  research  -  found  it  to  be  feasible 
-  but  did  not  pursue  it  in  great  depth  at  this  time  due  to 
the  immediate  requirements  for  the  clear  polymeric  beads. 

In  our  work,  we  encapsulated  a  wide  variety  of  pigments  that 
are  commonly  used  in  camouflage  formulations.  These  pig¬ 

ments  are  summarized  in  Table  10.  Note  that  for  many  of  the 
pigments  we  successfully  produced  both  solid  and  vesiculated 


The  last  phase  of  our  research  with  pigmented  beads  centered 
around  the  development  of  M I  I -C-4 61  6 8A ,  Chemical  Agent  Re¬ 
sistant  Coating,  Forest  Green,  Type  i  and  Type  II.  In  our 
initial  experiment,  a  25  micron  cobalt  vesiculated  bead  was 
used  in  the  place  of  cobalt  pigment  and  all  inerts  in  a 
M i  I -C-4 61  6 8A ,  Forest  Green,  Type  It.  A  small  amount  of  a  25 
micron  bead  containing  diatomaceous  silica  was  also  used  to 
help  raise  the  730  nm  reading.  The  last  formulation  we 
worked  with  is  displayed  in  Figure  64.  The  spectral  data, 
color  curve  and  color  ellipse  for  this  formulation  are  shown 
in  Figures  65,  66  and  67  respectively. 

The  next  experiment  of  significance  was  to  replace  all  prime 
pigments  and  inerts  In  MM-C-4616  8A,  Forest  Green,  Type  I, 
with  pigmented  beads.  The  most  recent  formula  we  developed 
is  described  in  Figure  68.  Note  that  only  a  cobalt  vesicu¬ 
lated  bead,  chromium  oxide  vesiculated  bead  and  an  organic 
brown  solid  bead  were  used  to  develop  a  Forest  Green  color. 
The  spectral  data,  color  curve  and  color  ellipse  for  this 
formula  are  shown  In  Figures  60,  70  and  71  respectively. 
Wh  ile  the  670  nm  point  is  0.2  596  higher  than  specification, 
the  color  is  in  a  very  shadeable  position. 
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In  our  limited  'tseirch  with  pigmented  beads,  we  observed 
that  the  ma r -r e s  \  s t a n c e  of  the  beaded  coating  was  much 
improved  over  the  conventional  camouflage  system  as  we 
previously  observed  with  the  clear  veslculated  beaded 
s  y  s  t ems . 


section  V i I t 


CONCLUSIONS 


The  research  conducted  under  contract  DAAK  70-81-C-0126 
Indicates  that  polymeric  bead  technology  can  bo  successfully 
utilized  in  camouflage  coatings  systems.  The  experimental  data 
indicates  that  conventional  inerts  can  be  replaced  with  clear 
vesiculated  beads  to  achieve  the  very  low  gloss  required  for  the 
Ml I-E-52798A,  Air  Dry  Alkyd;  MII-E-52929,  Flash  Dry  Alkyd;  and 
M i I -E-461 68A ,  Chemical  Agent  Resistant  Urethane  camouflage  speci¬ 
fications.  By  making  this  change,  we  observed  that  beaded  camou¬ 
flage  coatings  exhibited  superior  we  a : h e r - r a s I s t a n c e  to  conven¬ 
tional  camouflage  systems.  it  was  also  noted  that  beaded  coat¬ 
ings  have  better  ma r - r e s i s t a n c e  which  should  allow  them  to  be 
more  easily  cleaned  than  the  standard  camouflage  coating. 

A  comparison  of  clear  solid  beads  versus  clear  vesiculated 
beads  showed  that  solid  beads  impart  better  mar-resistance  but 
they  are  far  less  efficient  at  lowering  gloss.  The  clear  vesi¬ 
culated  beads  also  improve  mar-resistance  while  efficiently 
reducing  the  gloss  of  the  camouflage  coating.  Since  approxi¬ 
mately  five  times  as  many  solid  beads  as  vesiculated  beads  are 
required  to  achieve  the  same  gloss,  we  concluded  that  it  would 
not  be  as  cost  effective  to  develop  a  camouflage  coating  using 
solid  beads  as  the  sole  raw  material  for  gloss  control.  Clear 
vesiculated  beads  offer  a  means  of  lowering  gloss  while  improving 
the  ma  r  -  r  e  s  I  s  t  a  n  c  e  and  weathering-charar,  teristics  of  the  camou¬ 
flage  coating. 

The  concept  of  a  clear,  beaded,  c h em i c a  I  -  a g e n t - r e s I s t a n t 
urethane,  that  can  be  applied  over  existing  alkyd  camouflage 
finishes,  appears  to  be  a  viable  alternative  for  refinishing 
tactical  vehicles  currently  In  use.  Ten  micron  clear  vesiculated 
beads  must  be  used  for  gloss  control  in  order  for  the  urethane  to 
have  the  necessary  transparency.  The  clear,  beaded  urethane  over 
coat  does  not  distort  the  camouflage  color  properties  of  the 
original  alkyd.  The  mir-r es i s t ante  and  durability  of  the  clear 
over  coat  were  found  to  be  superior  to  the  alkyd  enamel. 

A  wide  variety  of  pigments  common  to  conventional  camouflage 
formulations  were  encapsulated  to  form  solid  and  vesiculated 
polymeric  beads.  A  combination  of  these  pigmented  beads  were 


then  utilized  to  produce  a  Forest  Green  camouflage  coating  that 
did  not  contain  any  Inerts  or  prime  pigments.  While  considerably 
more  research  needs  to  be  completed  on  pigmented  beads,  the  pre¬ 
liminary  data  discussed  In  this  report  indicates  that  this  tech¬ 
nology  offers  a  viable  approach  to  low  gloss  camouflage  coatings 
that  have  Improved  mar-resistance,  clearabllity  and  weather- 
resistance  over  the  currently  specified  camouflage  systems. 
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SECTION  IX 


RECOMMENDATIONS 


A  $  a  result  of  the  research  we  have  performed,  it  Is  our 
r  e  c  omni  endatlon  that  clear  vesiculated  beads  be  written  into  the 
three  primary  camouflage  specifications: 

.  M I  I -E-  5 2  79 8A ,  Air  Dry  Alkyd  Enamel 

.  Mi  I -L- 52 92 9,  Flash  Dry  Alkyd  Enamel 

.  M I  I -C-4 6 1  6 8A ,  Chemical  Agent  Resistant  Urethane. 

In  order  to  implement  this  r  e  c  omrnt  n  d  a  t  1  o  n  ,  it  will  be  necessary 
to  write  new  specifications.  A  scale-up  will  also  be  required  to 
make  full-scale  production  quantities  of  dry,  clear  vesiculated 
beads  and  production  quantities  of  beaded  camouflage  coatings  in 
order  that  the  polymeric  bead  technology  can  be  successfully 
imp  !  c  iTt  6  n  t  £  «  • 

The  clear,  beaded,  urethane  over  coat  concept  also  needs  to 
be  pursued.  We  suggest  further  work  with  the  Ar/ny  (or  a  designee 
of  the  Army)  that  would  involve  actually  painting  soir.s  weathered 
vehic'es  with  this  clear,  beaded  urethane  to  test  restoration  of 
color  and  gloss,  chemlcal-agent-reslstance,  cieanabili'y,  mar- 
resistance  and  long-term  we  a t h e r a b i  I  I  t y . 

We  recommend  that  additional  research  be  performed  on  the 
pigmented  bead  technology.  Preliminary  data  indicates  that 
Forest  Green  can  be  made  using  pigmented  polymeric  beads  in  tre 
place  of  all  prime  pi gme  n ts  and  inerts.  Further  testing  needs  to 
be  completed  to  ensure  reproducibility  of  both  the  pigmented 
beads  t  h  ems  elves  as  well  as  reproducibility  of  the  Forest  Green 
color.  Since  the  beaded  Forest  Green  has  only  been  rrade  in  the 
MU-C-4616  8A  quality,  the  same  technology  will  have  to  ts  applied 
to  the  MII-E5279SA  and  MII-E-52929  specifications.  The  other 
colors  in  the  specifications  will  also  have  to  be  matched  using 
pigmented  polymeric  beads.  Additionally,  the  expected  economies 
from  utilization  of  pigmented  polymeric  beads  needs  to  be 
evaluated. 


We  further  recommend  that  the  following  areas  concerning 
polymeric  bead  technology  be  explored: 

.  Investigate  the  possibility  of  incorporating  slip  ad¬ 

ditives  such  as  silicones  or  waxes  into  the  c  omp os  I t I  on 
of  the  bead  to  further  upgrade  the  ma  r  -  r  e  s  i  s  t  a  n  c  e  of 
camouflage  coatings 

.  Evaluate  beads  that  are  co  mp  osed  of  polymers  other  than 

the  current  unsaturated  polyester  resin.  For  example, 
a  bead  male  from  acrylic  resin  could  be  more  trans¬ 
parent,  more  durable  and  provide  more  mtr-res i stance  to 
the  film  than  our  current  bead  structure. 

.  Investigate  the  encapsulation  of  c o r r o s i o n - r e s i s t a n t 

pigments  for  application  in  a n t i - c o r r o s i v e  primer  for¬ 
mulations 

.  Apply  polymeric  bead  technology  to  high  solids,  VOC , 

compliance  coating  formulations. 


TABLE  1 


Solid  Beads 


Solid  Beads 


Solid  Beads 


Solid  Beads 


0.40 


0.45 


1  .05 


1  .50 


.25 


0 . 8 


30 . 3 


20.8 


12.7 


1  .2 


25.8 


19.8 


Proper  t 


Fed .  S  t  d  .  141 
T  ei t  Method 


E  qu  I pme  n  t  Description 


60  Degree  Gloss 

1  Method 

1 

61  01 

1  Hunter,  Model  A-1096 

1 

8S  Degree  Gloss 

1 

1  Method 

1 

6103 

I 

1  Hunter,  Model  A-1 1 20 

I 

Color 

1 

1  Method 

1  6241 

1 

1 

i 

42  51  * 

1 

1  Dlano-Hardy  Match  Scan  II 

1  Model  #60070 0GG29 

1  and  Diano-Hardy  Model 

1  #40001  6 

t 

Accelerated 
Weather  ing 

1 

1  Me  t  h  o  d 

1 

» 

6122 

1 

1  Q-Panel  Q-U-V  We  a t h e r -Ome t e r 

1  Serial  #  80-805-05-21 

1 

Fineness  of  Grind 

1 

1  Method 

t 

441  1 

1 

1  He  gman  Gauge 

i 

Drying  Time 

i 

1  Method 

1 

4061 

i 

i 

i 

Ma  r -Re  s 1 s  t  anc  e 

I 

1 

1 

1 

1 

1 

i 

1  Drag  fingernail  of  constant 

1  pressure  over  beaded  and 
!  conventional  coating.  VI- 
1  sually  compare  ma r - r e s I s t a n c e 
1  of  the  two  films. 

Bead  Size 

Distribution 


Elzone  particle  counter 
Model  #11 2L TSD / ADC  with 
Osciloscope  Model  #LBO-5111 


TABLE  5 


MIL-E-52929,  FLASH  DRY  ALKYD  ENAMEL,  FOREST  GREEN,  BEADED 

WETTING  AGENT  STUDY 


Wetting 

1  %  Wetting  Agent  1 

1  Agent  Based  on  1 

1  Total  F  o rmu i a  i 

Cap 

1 

l 

l 

1 

1 

1 

Agents 

!  by  We  1  ah  t  1 

R  y  R 

1  6  70 

1  730 

We  tting  Agent  - 
Unshaded 


Nuosperse  657 
Nuosperse  657 
Nuosperse  657 


4 2%  Solution 

SF-1  02  3  ( S i  I  leone) 
4  2%  S  o  I  u  t  i  o  n 

SF-1  02 3  ( S I  I  leone) 
42%  Solution 


1% 

1 

11.67 

1 

11.97 

1 

33.68 

2% 

1 

11.63 

1 

11.98 

1 

33.25 

3% 

1 

11.69 

1 

12.03 

1 

33  .  75 

I  0.25% 


I  0.5% 


I  0.75% 


Ye  1  k  1  n  TTS 

1  1  .% 

1  1  1  .  74 

1  12.11 

1  32.95 

Ye  1  k  1  n  TTS 

1  2.% 

1  11.96 

1  12.38 

1  33.57 

Ye  1  k  1  n  TTS 

1  3  .% 

1  12.07 

1  12.4 

1  33.42 

fSS/l/  «  A  J  i* 

D  1  rv  1  V  f  D 

•  A  A* 

1  V  <  4.  J7n 

•  m  «  *  A 

1  11*07 

i  «  •  /•  A 

1  11*07 

•  A  A  A  A 

1  J  D  .  J  D 

BYK  104S 

1  0.75% 

1  11.86 

1  12.03 

1  33.53 

BYK  1 04  S 

1  1.25% 

1  11.76 

1  11.98 

1  33.40 

50%  Solution 

1  0.5% 

1  11.71 

1  12.03 

1  33.72 

( Mod  a  f 1 ow ) 

1 

1 

1 

1 

50%  Solution 

1  0.75% 

1  11.41 

i  1  1  .  79 

1  33.24 

( Mod  a  f 1 ow ) 

1 

1 

1 

1 

50%  Solution 

1  1.0% 

1  11.71 

1  12.07 

1  33.97 

( Mo  d  a  f 1 ow ) 

1 

1 

1 

1 

Liquid  Anti-Float 
(Troy) 

Liquid  Anti-Float 
(Troy  ) 

Liquid  Anti-Float 


I  0.25% 


I  0.50% 


I  0.75% 


2 -Am  i  n  o- 2 -Me  t  h  y  1  -  i 

2  .% 

1  11.00 

1  11.33 

1  32.06 

1  -Propano 1 ( AMP-95%  )  1 

1 

1 

1 

2 -Am i n o~2 -Me t h y 1  -  ! 

3  .% 

1  10.97 

1  11.26 

1  31.16 

1  -Propano 1 (AMP-95%  )  1 

1 

1 

1 

2 -Am i n o - 2 -Me t h y 1  -  1 

4  .% 

1  10.79 

1  11.07 

1  30.40 

1-Propanol ( AMP-9  5%  )  1 

1 

1 

1 

Lactimon  ( BYK  )  1 

_____ 

1  11.91 

1  12.19 

1  33.47 

L  a  c  t  1 mo  n  ( BYK )  I 

1  .0% 

1  11.58 

1  11.93 

1  33.14 

Lactimon  (BYK  )  1 

1  .  5% 

1  11.63 

1  11.97 

1  33.24 

11.9 


1  .  99 


1  .  78 


1  .  79 


1.85 


12.19 


12.05 


12.33 


12.22 


12.14 


12.23 


12.17 


34 . 04 


33  .  74 


3  A  .  2  7 


33.90 


33 . 98 


33 . 98 


33  .  52 


TABLE  7 


Q-U-V  WEATHER-OMETER  RESULTS 

CLEAR  VESICULATEO  BEADED  URETHANE  OVER  M I L -E - S 2 79 8A ,  ALKYD 


Exposure  Hours 


Mil- 

E-52798A,  Forest 

Green 

Conventional 

Ca  p 

•Y " 

-  Unexposed 

Cap 

II  y  R 

-  Exposed 

Percent 

Change 

7.22 
10.51 
+  4  5% 


Mi  l-E-52  798A,  Forest 
Green,  top  coated 
with  clear,  10  micron 
vesiculated  beaded 
urethane 

Cap  "Y"  -  Unexposed 
Cap  "  Y "  -  Exposed 
Percent  Change 


7  .  78 
8.52 
+  9.5% 


7.42 
9.29 
+  25.2% 


7.55 

8.55 

+13.2% 


TABLE  9 

Q-U-V  WEATHER-OMETER  RESULTS 
CLEAR  SOLID  BEADED  URETHANE  OVER  M I  L-E  -  52  79  SA  ,  ALKYl) 


Exposure  Hours 


Mi  I-E-52  798A,  Forest 
Green,  Conventional 

Cap  "  Y  *  -  U  ii  exposed 
Cap  * Y *  -  Exposed 
Percent  Change 


2 

10.51 


1 

1 

1 

1 

V  ‘i 

1 

0' 

1 

1 

-  •  1 

8.02 

1 

8.17  1 

8. 2C 

-  1 

8.26 

8.28  1 

8.31 

+  3.0% 

+1.3%  1 

+  1.4% 

•  1 

i 

A-  7 


• - 1 


TABLE  8 


COLOR  READINGS  OF  10  MICRON  CLEAR  BEADED  URETHANE  COATED  OVER  EXPOSED  MIL-E-52798A 


1 

1  Cap  "Y» 

Initial 

1  60®  1 

8f.« 

1 

1  Cap  »Y* 

Exposed 

60® 

85® 

1  Exposed  Then  Coated  With 

1  Clear  Beaded  Urethane 

900G002  -  <® 
200  Hours 

1 

1  7.35 

1 

1 

1  1 

1  0.6  1 

1  1 

I  1 

1.8 

1 

1  7.33 

1 

1 

0.0 

0.  7 

1 

1  8.09 

1 

1 

1 

1 

1 

1 

1 

1.6  1  2.5 

1 

1 

900G002  -  <S> 
400  Hours 

m 

HU 

1 

1  10.06 

1 

0,1 

0.  7 

1 

1  7.89 

1 

1 

1 

1 

1 

1.5  1  3.0 

1 

900G002  -  9 
500  Hours 

n 

i  i 

1  0.0  1 

1  i 

1  1 

1 . 8 

1 

1  10.89 

1 

1 

0*1 

1  .0 

1 

1  8.04 

1 

1 

1 

1 

1 

! 

1 

1.3  1  2.7 

1 

1 

TABLE  10 
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25  MICRON  (TOP-SIZE)  TITANIUM  VESICULATED  BEADS 


FIGURE  4 


Mil.  -  E-  57929,  ENAMEL,  ALKVD  CAMOUFLAGE,  FLASH  DRY, 
FOREST  GREEN,  TYPE  1 

CONVENTIONAL  STANDARD  FORMULA 

1  Pound;  1  Gallons 

PREMIX  AND  GRIND  1  1 

Mineral  Spirits 

1  44.70 

1  6.86 

Rentone  34 

!  9.69 

1  0.50 

Diacetone  Alcohol 

1  3.40 

1  0.45 

60*  W  t  .  Med-Short  Phenol  ic 

1  182.32 

1  22.17 

Modified  Alkyd  -  Vol ume  1  1 

5  o  1  i  d  $  5  1  1  1 

An t  i  -Sk  i  n 

1  0.88 

1  0.11 

Magnesium  Silicate 

1  135.79 

1  5.72 

Ccbait  Green 

1  87.29 

1  2.01 

C h  r  om i urn  Oxide 

1  113.48 

1  2.66 

Med.  Chrome  Yellow 

1  9.69 

1  0.20 

Molybdate  Orange 

1  14.54 

1  0.29 

COVER  FOR  PREMIX 

Mineral  Spirits 

• 

i 

1  5.92 

1 

1  0.94 

i 

SAND  MILL  TO  #4  GRIND  1  1 

1ST  MILL  WASH 

i 

i 

60*  Wt.  Med-Short  Phenolic 

1  2  4.18 

1  2.94 

Modified  Alkyd  -  Vol  Uine  1  1 

Solids  51*  1  1 

Isoprophyl  Alcohol  (99%) 

1  12.41 

1 

1  1.91 

I 

2ND  MILL  WASH 

Mineral  Spirits 

• 

1  14.32 

i 

1  2.20 

SIFT  IN  AND  AGITATE  TO  § 4  GRIND  1 

Diatomaceous  Silica  1  72.74 

1 

1  3.78 

THEN  REDUCE  THE  FOLLOWING  1  1 

6  0  Wt.  Med-Short  Phenol  ic 

1  148.39 

1  18.15 

Modified  Alkyd  -Volume  1  1 

S  o  1  i  d  s  5  1  *  1  1 

Toluol 

1  52.66 

1  7.26 

Isopropyl  Alcohol  99% 

1  38.58 

1  5.93 

Mineral  Spirits 

1  75.51 

1  11.60 

C 

Jd. 

LA 

1 

C 

1  0.89 

1  0.11 

l  :  a  d  Drier  3  6  % 

1  1.86 

1  0.16 

Calcium  Drier  6% 

1  3.23 

1  0.43 

Cobalt  Drier  12% 

1  0.99 

1  0.11 

Manganese  Drier  9% 

I  0.90 

1  0.11 

An  t  i  -  Sk  i  n 

1  11.65 

1  1.46 

FIGURE  4 


MIL-E-52929,  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY 
FOREST  GREEN,  TYPE  I 
CONVENTIONAL  STANDARD  FORMULA  (CON'T.) 


_ _ 

T 

Pounds 

Gal  Ions 

HOLD  FOR 

SHADING 

AND 

GLOSS 

i 

i 

I 

1 

Maroon  - 

Shading 

Pas 

t  e 

i 

11.65 

1 

1.46 

D i a  t oma  c  e  o  u  s  S i  1 

c  a 

i 

9.69 

1 

0.50 

TOTAL 

1 1 

,08  7.3  5 

1 

100.00 

Theoretical  Weight  per  Gallon  =  10.87 
Volume  Solids  =  42.5 
Weight  Solids  =  64.4 


Infrared  Reflectance  Average 

Visible  Near  -Red  Reflectance 
Average 

Ratio  Visible /Infrared 


5 


lE  near-red  and  infrared 

5  AND  GLOSS  MEASUREMENTS 

)  CAMOUFLAGE,  FLASH  DRY,  TYPE  1, 
\L  STANDARD  FORMULA 


1  670 

!  730 

1 

1  9.66 

1 

1  27.1 

JL 

1  z  1  L* 

1  Ly 

7 

1  1  I 

.03  1  6.37  1  0.3308 

1 

1  0.3511 

% 

Ref  1  ect  ance/T  ransml t  tance 

4  7. 508 


8.006 

5.93 


0.2 

1  .  5 
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FIGURE  6 
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CURVC  OF  PERCENT  REFLECTANCE  VERSUS  WAVELENGTH 

E -  52  92  9  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I 
CONVENTIONAL  STANDARD  FORMULATION 


DIANO  CORPORATION 


HARDY 

RECORDING  IMCTROPHOTOMETIR 


FIGURE  7 


Ml  L-E-52929  ENAfcCL ,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I 
CONVENTIONAL  STAM>ARD  FORMULATION 

■Y*  (BRIGHTNESS)  -.058-.  075 


3.70 


FIGURE  2 

CHROMAT I C I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE;  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


FIGURE  8 


Ml L-E -52929,  BEADED,  ALKYD  ENAMEL,  FLASH  DRY, 
FOREST  GREEN,  TYRE  I 

INITIAL  FORMULATION  —  TWO-STEP  DISPERSION 


1 

Pounds 

! 

Gat  Ions 

Mineral  Spirits 

1 

I 

4  5.53 

1 

1 

6.99 

Ben  tone  34 

1 

9  .  88 

1 

0.51 

Dl  ict  tone  Alcohol 

1 

3.47 

1 

0.45 

60%  Wt .  Med. -Short  Phenolic 

1 

185.87 

1 

22.58 

Modified  Alkyd  -  Volume 

1 

1 

Solids  51% 

1 

1 

An  t  i -Sk  i  n 

1 

0.  89 

1 

0.12 

Cobalt  Green 

1 

88.92 

1 

1  .97 

Ch  r  om I um  Ox i d  e 

1 

11  5. 60 

1 

2  .  71 

Medium  Chrome  Yellow 

1 

9.88 

1 

0 .20 

Molybdate  Orange 

1 

| 

1  4. 82 

1 

I 

0.29 

SAND  MILL  THE  ABOVE  TO  7  N.S. 

1 

1 

1 

| 

LET  DOWN 

1 

1 

60%  Wt.  Med. -Short  Phenolic 

I 

179.78 

1 

21.85 

Modified  Alkyd  -  Volume 

1 

1 

Sol  Ids  51% 

1 

1 

isopropyi  Ai coho i 

i 

51 

i 

7.96 

Mineral  Spirits 

1 

97.  54 

l 

14.97 

Toluol 

1 

53.64 

1 

7.40 

An  t  I  -S  k  i  n 

1 

0.88 

1 

0.12 

Lead  Drier  36% 

1 

1  .  89 

l 

0.17 

Calcium  Drier  6% 

1 

3.29 

1 

0.45 

Cobalt  Dried  12% 

1 

1  .  00 

1 

0.12 

Manganese  Drier  9% 

1 

0^,92 

1 

0.12 

i 

661 . 74 

1 

8  8 . 4_  7 

SIFT  IN  THE  FOLLOWING  RAW 

1 

1 

MATERIAL  -  SAND  MILL  TO  4  N 

.S.  i 

1 

25  Micron  Clear  Vesiculated 

1 

3  8.12 

1 

11.21 

Bead 

1 

1 

TOTAL 

1 

903.86 

1 

100.00 

Theoretical  Weight  per  Gallon  -  9.02 
Volume  Solids  =  3 9% 

Weight  Solids  =  53.8 


FIGURE  9 


SUMMARY  OF  VISIBLE  NEaR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

MIL -E -52929  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I 
INITIAL  BEADED  FORMULATION  —  TWO-STEP  DISPERSION 


WAVELENGTH  IN  NANOMETERS 


FIGURE  11 

Ml L-E-52929  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I 
INITIAL  BEADED  FORMULATION  —  TWO-STEP  DISPERSION 

■Y"  {BRIGHTNESS)  -.058-.  075 


"X*  VALUES  X  10' 


FIGURE  2 

CHRCMAT I C i TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


FIGURE  12 
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SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 


Ml  L  ~£-  5  2  92  9  ,  ALKYD  CAMOU.' lAGE  ENAMEL,  FLASH  DRY,  TYPE  I 
INITIAL  FORMULATION  (10  MICRON  BEADS) 


Wave  Length 


670 


I  730 


I 


%  Reflectance, 'transmittance 


I  10.3' 


!  33.89 


PERCENT  TRANSM 


FIGURE  13 


FIGURE  14 

Ml  L-E-52929  ENAMEL,  ALKVD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I 
INITIAL  FORMULATION  (10  MICRON  BEADS) 

■Y"  (BRIGHTNESS)-.  0  5  8  -  ,  075 
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FIGURE  2 

CHRCMATICI TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


X  -  2795 


FIGURE  15 


FIGURE  1  6 


CURVE  OF  PERCENT  REFLECTANCE  VERSUS  WAVELENGTH 

Ml  l.-E -52929,  ALKYD  CAMOUFLAGE  ENAMEL,  FLASH  DRY,  TYPE  I 
FINAL  BEADED  FORMULATION 


DIANO  CORPORATION 

'  ?r/fi _ 


HARDY 

RECORDING  SPECTROPHOTOMETER  j 


FIGURE  1 7 

MIL-E-52929  ENAMEL,  ALKYD  CAMOUFLAGE ,  FLASH  DRY,  TYPE  I 
FINAL  BEADED  FORMULATION 

»Y*  (BRIGHTNESS)  -.058-.  075 


■X"  VALUES  X  10 


FIGURE  2 

CHROMAT I C I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
OOLOR  -  FOREST  GREEN 
NOTE:  OOLOR  ELLIPSE  IS  2.  NBS 
UNITS  FRCM  CEN1ER  VALUES 


-  2795 


FIGURE  18 


Ml L -E- 5  2  92  9 ,  BEADED  FLASH  DRY  ALKYD , 
FOREST  GREEN,  TYPE  I 
FINAL  OFF-MILL  FORMULATION 


Mineral  Spirits 
Bentone  #14 
Diacetone  Alcohol 
Isopropyl  Alcohol 
60%  Wt.  Alkyd  Resin  -  Volume 
Solids  51% 

Ant  I -Skinning  Agent 
Mineral  Spirits 
Cobalt  Green 
C  h  r  om  i  urn  Oxide 
Medium  Chrome  Yellow 
Mo lybdate  Orange 
25  Micron  Clear  Vesicuiated 
Beads 
Toluol 

SAND  MILL  THE  ABOVE  TO  4  N.S 
LET  DOWN 

60%  Wt.  Alkyd  Resin  -  Volume 
Solids  51% 

Toluol 

Mineral  Spirits 
Isopropyl  Alcohol 
An t  i -S k i n n i n g  Agent 
Lead  Drier  3  6% 

Ca I c i urn  Drier  6% 

Cobalt  Drier  12% 

Manganese  Drier  9% 

TOTAL 


1 

Pounds 

1  Gallons 

1 

1 

45.43 

1 

1  6.98 

1 

9 . 86 

1  0.51 

1 

3.47 

1  0.44 

1 

11.26 

1  1  .  73 

1 

2  51.26 

i  30.52 

1 

0.90 

1  0.12 

1 

1  9.  72 

1  3.06 

1 

108.47 

1  2.50 

1 

9  5.65 

1  2.25 

1 

9.  86 

1  0.21 

1 

1  4.  79 

1  0.39 

1 

39.44 

1  11.59 

1 

1 

1 

23.00 

1  3.18 

1 

1 

1 

i 

1 

1 09. 64 

1 

1 

1  13.32 

i 

1 

30.  51 

1  4.22 

i 

76.  79 

1  11.81 

1 

40. 56 

1  6.23 

i 

0.  88 

1  0.11 

1 

1  .  89 

1  0.16 

l 

3.29 

1  0.43 

l 

1  .  00 

1  0.12 

1 

0.92 

1  0.11 

1 

8  9  8.  59 

1  100.00 

Theoretical  Weight  per  Gallon  -  8.98 

Volume  Solids  =  39% 

Weight  Solids  =  55% 


8-1  9 


FIGURE  20 


MIL-E-52929,  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  I, 
300  HOUR,  Q-U-V  'YEATHER-OMETER  EXPOSURE  PANELS  OF 
'ONVi  NT  I CNAL  AND  BEADED  SYSTEMS 


FIGURE  21 

StAMARY  OF  0-0 -V  WEATHER-OMETER  MEASUREMENTS 
COMPARISON  OF  MIL-E-52929,  FOREST  GREEN,  TYPE  I,  BEADED  VERSUS  CONVENTIONAL 


1  HRS  QUV 

1  6  7i 

S  a-np  1  e 

1  Exposure 

1  ISM 

Convent i ona I 


0 

9.  76 

1  29.26 

! 

7.05 

25 

9.  74 

1  29.1  7 

1 

7.05 

50 

9.  78 

1  29.10 

1 

7.13 

75 

9.  83 

1  28.98 

1 

7.23 

1  50 

11.55 

!  29.97 

1 

9.1  6 

300 

13.00 

1  31.51 

( 

10.43 

500 

14.68 

1  33.50 

1 

12.02 

I  0.331 
I  0.330 
I  0.330 
I  0.329 
I  0.323 
!  0.322 
I  0.320 


I  0.352 
I  0.351 
I  0.351 
I  0.350 
I  0.343 
I  0.343 
I  0.342 


Beaded 


I  28.95 
I  28.41 
I  28.35 
I  28.36 
I  28.30 
I  2  8.64 
I  28.24 


.07 

1 

1  0.328 

1 

1  0.350 

.04 

1  0.327 

1  0.350 

.1  5 

1  0.32V 

1  0.349 

.1  6 

0.327 

1  0.349 

.50 

1  0.326 

1  0.349 

.36 

0.324 

1  0.352 

.64 

0.321 

1  0.352 

1 

FIGURE  22 


Ml L-E -52929,  FLASH  DRV  ALKYD, 
FOREST  GREEN,  TYPE  I  I 
CONVENTIONAL  STANDARD  FORMULA 


1 

Pounds 

1  Gallons 

Mineral  Spirits 

1 

1 

10  8.92 

T 

1  16.73 

Toluol 

1 

2  8.13 

1  3.88 

Bentone  34 

1 

8.  73 

1  0.58 

Diacetone  Alcohol 

1 

1.51 

1  0.19 

6 0%  Wt.  Alkyd  Resin  - 

Volume  1 

159.66 

1  19.40 

Sol  ids  51% 

1 

1 

Cxk  in  j*  2 

1 

1.32 

i  0.17 

Magnesium  Silicate 

1 

9. 60 

1  4.04 

Ch  r  om  i  urn  Ox  i  d  e 

1 

12  8.52 

1  3.00 

Cobalt  Green 

I 

83.81 

1  1.93 

Organic  B  r  own 

1 

12.00 

1  0.96 

Mineral  Spirits 

1 

1 

6.31 

1  0.97 

1 

SAND  MILL  TO  5  N.S. 

1 

1 

1 

1 

1 

LET  DOWN 

1 

1 

1 

60%  Wt .  Alkyd  Resin  - 

Volume  1 

1  74. 50 

1  21.33 

Solids  51% 

1 

1 

Mineral  Sp'fitS 

I 

1  1 , 60 

!  1.94 

Toluol 

1 

1  i.Oii 

1  1  .  94 

Dial oma  ceous  Silica 

1 

97.00 

1  5 . 04 

Isoprop  / I  Alcohol 

! 

80.3  8 

i  12.36 

Exkin  #2 

1 

1.32 

1  0.17 

Calcium  Drier  6% 

1 

2.  51 

1  0.^3 

Cobalt  Drier  12% 

1 

1  .  24 

1  0.14 

Z i r  c  o  Drier  1 2% 

I 

3 . 61 

1  0.44 

Toluol 

1 

21.00 

1  2.90 

Dlatomaceous  Silica 

1 

6.  79 

1  0.35 

Carbazole  Violet  S  h  ■»  d 

i  r,  g  Paste  1 

9.06 

1  1.21 

TOTAL 

1 

1  ,05  8.  94 

1  1 00. OC 

Theoretical  Weight  per  Gal'on 
V  o I ume  Solids  =  37.5% 

Weight  Solids  =  60.0% 


10.59 


FIGURE  23 


MIL-E-52929,  BEADED  FLASH  DRY  ALKYD 
FOREST  GREEN,  TYPE  ! I 
FINAL  OFF-MILL  FORMULATION 


I  Pounds 


Ethyl  Cellosolve 

1 

OO 

• 

Sentone  *14 

1 

9  .  70 

Diacetone  Alcohol 

1 

1.66 

60%  Wt.  Alkyd  Resin  -  Volume 

1 

203.25 

Solids  51% 

1 

E  x  k i n  #2 

1 

1.26 

Cobalt  Green 

1 

121  .35 

Ch  r  om  turn  Oxide 

1 

75.23 

Organic  Brown 

1 

14.56 

Organic  Yellow 

1 

12.13 

25  Micron  Clear  Vesiculated 

I 

48.54 

Beads 

1 

SAND  MILL  THE  ABOVE  TO  4  N.S. 

1 

1 

GRIND 

1 

LET  DOWN 

1 

6  Wf  .  A  1  If  y  H  P  *  c  i  n  «■»  V  a  1  n  m  » 

J 

i  *0  no 

Sol  ids  51% 

1 

Ethyl  Cellosolve 

1 

95.42 

Isopropyl  Alcohol 

1 

16.97 

T  0  1  U  3  1 

1 

4  7.30 

Calcium  Drier  6% 

1 

2.37 

Cobalt  Drier  12% 

1 

1  .24 

Zirco  Drier  12% 

1 

3  -  70 

r  x  k  1  n  a  2 

1 

1  .26 

TOTAL 

1 

904.1 5 

Theoretical  Weight  per  Gallon  = 

9. 

04 

Volume  Solids  =  4  4% 

Weight  Solids  =  55% 

I  Gallons 


11.13 

c 

.2 


24 . 69 


14.27 


12.32 


100.00 


FIGURE  24 
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SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

MIL-E-52929,  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  II 

FINAL  BEADED  FORMULATION 


Wave  Length 

1  670  1 

’730 

%  Reflectance  ,'Transm 

1  t  t  a  n  c  e 

1  1 

1  7.76  1 

27.06 

1 

x  ! 

_X_ 

1  i  1  Lx  1 

Ly 

1 

Color  Measurements  1 

i 

6.23  1 

6. 

1  1  1 
75  1  5.87  I  0.330541 

0.35786 

1 

% 

Ref  1 ectance/T  ransmi  ttance 

Infrared  Reflectance 

1 

Average  1 

43.0 

Visible  Near-Red  Re f 1 
Average 

i 

e  c  r  a  n  c  e  1 

1 

6  95 

i 


Ratio  V ! s Ible/lnfrared 


6.18 


r<ANSMI1  7  ANCe/neFLCCTANCE 


FIGURE  25 


380  400  20  40  60  80  500  20  40  60  80  600  20  40  60  80  ?OC 

WAVELENGTH  IN  nanometers 


FIGURE  26 

MIL-E-52929  ENAMEL,  ALKYD  CAMOUFLAGE,  FLASH  DRY,  TYPE  II 
FINAL  BEADED  FORMULATION 

"Y"  (BRIGHTNESS)  -.058-. 075 


«X»  VALUES  X  10 


FIGURE  2 

CHROMATIC  I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


FIGURE  27 

Ml  L-E-52  798A,  ENAMEL  ALKYD,  FOREST  GREEN,  TYPE  I 
CONVENTION  STANDARD  FORMULATION 


Mineral  Spirits 
Bentons  38 

PREMIX  AND  GRIND 
Diacetone  Alcohol 

MIX  UNTIL  PASTE  GELS,  THEN  ADD 
50%  Wt.  Med.  Alkyd  -  Volume 
Solids  41% 

An  t  i -S  k  i  r 

Magnesium  Silicate 
Zinc  Phosphate 
Cobalt  Green 
Ch  r  omi urn  Oxide 
Medium  Chrome  Yellow 
Molybdate  Orange 

COVER  FOR  PREMIX 
Mineral  Spirits 

SAND  MILL  TO  #5  GRIND  - 
1ST  MILL  WASH 

50%  Wt.  Med.  Alkyd  -  Volume 
Solids  41% 

Mineral  Spirits 

2ND  MILL  WASH 
Mineral  Spirits 

SHIFT  IN  AND  AGITATE  TO  #5  GRIND 
D i a  t  oma  c  e  o  u  s  Silica 

REDUCE  WITH  THE  FOLLOWING 
50%  Wt.  Med.  Alkyd  -  Volume 
Solids  41% 

Mineral  Spirits 
Lead  Drier  36% 

Calcium  Drier  65 
Cobalt  Drier  12% 

Manganese  Drier  9% 

An  t I -Sk  I  n 

HOLD  FOR  SHADING  AND  VISCOSITY 

Maroon  Shading  Paste 

Diatom ace  o us  Silica 

Mineral  Spirits 

TOTAL 


u  n  d  s 

1  Gallons 

65.97 

1 

1  10.13 

8  .  53 

1  0.60 

1 

2  .  50 

1 

1  0.32 

1 

295.13 

1 

1  39.05 

1 

0 . 96 

1 

1  0.12 

76.14 

1  3.21 

60 . 00 

1  2.28 

75.36 

1  1.73 

113.97 

1  2.67 

3.59 

I  0.30 

19.40 

1  0.40 

1 

5.49 

1 

1  0 . 84 

16.18 

1  2.11 

1 

13.76 

1 

1  2.11 

1 

13.76 

l 

1  2.11 

1 

6  5.76 

1 

1  3.42 

1 

116.20 

1 

1  15.17 

| 

44.06 

1 

1  6.77 

1.53 

1  0.13 

1  .  00 

1  0.13 

0 . 66 

1  0.07 

0.37 

1  0.04 

0. 96 

1  0.12 

1 

20.12 

1 

1  2.70 

9.  70 

1  0.50 

1  8  .  S4 

1  2.91 

054.25 

i  To  o . o  o 

Theoretical  Weight  per  Gallon  -  10.54 

Vo  I ume  Solids  =  39.0% 

Weight  Solids  =  62. 5%  B~28 


FIGURE  28 


MIL -E -5279 8A,  ENAMEL  ALKYD ,  LEAD  FREE,  FOREST  GREEN,  TYPE  It 

CONVENTIONAL  FORMULATION 


1 

Pounds 

1  Gallons 

PREMIX  AND  GRIND 

1 

1 

1 

1 

Mineral  Spirits,  Rule 

66  1 

74 . 99 

1  11.52 

Bentone  34 

1 

1 

11.52 

1  0.76 

I 

MIX  UNDER  HOCKMEYER  - 

1 

THEN  ADD  1 

1 

Diacetone  Alcohol 

1 

f 

1.26 

1  0.16 

1 

MIX  UNTIL  PASTE  GELS  - 

1 

THEN  ADD  1 

1 

1 

50%  Wt .  Alfcyd  Resin  - 

V  o 1 um  e  1 

21  8.  84 

1  28.72 

Solids  41% 

1 

1 

Exkin  #2 

1 

0. 80 

1  0.10 

Wetting  Agent 

1 

7.53 

1  0.96 

Ta  1  c 

1 

89.3  7 

1  3.76 

Cobalt  Green 

1 

71.13 

1  1  .  64 

Ch  r  om 1 um  Oxide 

1 

1  2  8. 00 

1  3.00 

B  r  own  Iron  Ox i d  e 

1 

4  .  80 

1  0.10 

Organic  B  r  own 

1 

1 

12.48 

1  0.99 

I 

COVER  FOR  PREMIX 

1 

1 

1 

i 

Mineral  Spirits,  Rule 

66  1 

1 

6.25 

1  0.96 

i 

SAND  MILL  TO  # 5  GRIND 

1 

1 

i 

1 

1ST  MILL  WASH 

1 

1 

50%  Wt .  A  1 k  yd  Resin  - 

Volume  1 

1  4. 70 

1  1.92 

Solids  41% 

1 

1 

Mineral  Spirits 

1 

1 

12.50 

1  1.52 

2ND  MILL  WASH 

1 

1 

1 

1 

Mineral  Spirits 

1 

1 

12.50 

1  1.92 

I 

I 

REDUCE  WITH  THE  FOLLOWING  1 

1 

50%  Wt.  Alkyd  Resin  - 

V  o 1 um  e  1 

1  74 . 1  2 

1  22.73 

Solids  41% 

1 

i 

1 

1 

i 

SIFT  IN  AND  AGITATE  TO  #5  GRIND  1 

1 

Diatomaceous  Silica 

1 

90.04 

I  4.68 

l 

1 

REDUCE  WITH  THE  FOLLOWING  1 

1 

1 

Mineral  Spirits 

1 

61.11 

1  9.3  8 

Exk  in  #2 

1 

0.  80 

1  0.10 

Calcium  Drier  6% 

1 

1.06 

1  0.14 

Cobalt  Drier  12% 

1 

1  .  79 

1  0.21 

Manganese  Drier  9% 

1 

1  .  04 

1  0.13 

Zirco  Drier  1 2% 

1 

1 

3.03 

1  0.3  7 

1 

6-29 


Cont inued 


FIGURE  2  8 

Ml L-E-52 798A,  ENAMEL  ALKYD ,  LEAD  FREE,  FOREST  GREEN,  TYPE  II 
CONVENTIONAL  FORMULATION  ( CON ' T . ) 


I  Pounds 


I  Gallons 


WHITE  TILE  FOR  DRY  AND  GLOSS 

1 

1 

CHECK:  .004  DB 

1 

1 

(2  MILS  WET)  1  DEG.  MAX  # 

3  DEG.  MAX.  #  85* 

60  *  1 

1 

1 

1 

1 

i 

HOLD  FOR  VISCOSITY,  SHADING 

1 

1 

1 

1 

AND  GLOSS 

1 

1 

Mineral  Spirits 

1  12.50 

1 

1  .92 

Carbazole  Violet  Shading  Pas 

t  e  1  14.28 

1 

1  .51 

TOTAL 

1  1 ,026.44 

1 

100.00 

Theoretical  Weight  per  Gallon  =  10.27 

Vo  1  ume  Solids  =  3  7.8% 

Weight  Solids  =  60%  Min. 

FIGURE  29 

MIL -E -5279 8A,  BEADED  AIR  DRY  ALKYD 
FOREST  GREEN,  TYPE  I 
FINAL  OFF -MILL  FORMULATION 


S  Pounds 


I  Gallons 


Mineral  Spirits 
B  e  n  t  o  n  e  #38 
D  i  a  c  v'  :  o  n  e  Alcohol 
5  0%  Wt.  Aik  yd  Resin  -  Volume 
Solids  41% 

An ! I -Sk Inning  Agent 
Cobalt  Green 
Chromium  Oxide 
Me o I  urn  Chrome  Yellow 
Molybdate  Orange 
25  Micron  Clear  Vesiculatcd 
Beads 

Mineral  Spirits 


69.62 
7  .  98 
2  .  64 
332.36 

1  .  01 
84  .  63 
11  0. 00 
5.11 
20.46 
40.93 

34  .  83 


10.69 

0.56 

0.33 

43.43 


2.58 

0.11 

0.42 

12.03 


’A. ‘I 


SAND  MILL  TliE  ABOVE  TO  4  N.S. 


LET  DOWN 

50%  Wt.  A  I k  y  d  Resin 
Sol  ids  41% 

Mineral  Spirits 
Lead  Drier  36% 
Calcium  Drier  6% 
Cobalt  Drier  12% 
Manganese  Drier  9% 
An  t i -Sk inning  Agent 
Mineral  Spirits 
TOTAL 


-  Vo  I ume 


102.12 

3  6.31 
1  .  62 
1  .  06 
0.  70 
0 . 40 
1  .  01 
19.98 
872. 77 


13.35 


0.05 

0.13 

3.0" 

100.00 


Theoretical  Weight  per  Gallon 
Vo  I ume  Solids  =  40. 92% 

Weight  Solids  =  55.72% 


I 


FIGURE  31 


FIGURE  32 


Ml  L-E-52 798A(ME )  ENAMEL,  ALKYD  CAMOUFLAGE,  AIR  DRY,  TYPE  I 
FINAL  BEADED  FORMULATION 

"Y*  (B  RIGHTNESS)-. 058-. 075 


3.  70 


FIGURE  2 

CHRCMATICITY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


FIGURE  33 


Ml L-E-52  798A,  BEADED  AIR  DRY  ALK YD , 
FOREST  GREEN.  TYP E  II 
FINAL  OFF-MILL  FORMULATION 


1 

Pounds 

l  Gallons 

1 

Mineral  Spirits,  Rule  66  1 

75.77 

1 

1  11.64 

Bentone  f  '  4 

1  1  .  64 

1  0.77 

Di  ue  ton  Atcohcl 

i . :  s 

1  0.16 

50%  Wt .  Alkyd  Resin 
Solids  41% 

-  Vo  1  Mm* 

228.55 

1  29.8? 

1 

Exkin  12 

0.  gl 

1  0.10 

Cobalt  Green 

9  7.4* 

1  2.26 

Ch  r om i urn  Ox i d e 

89.24 

1  2.09 

Organic  8  r  own 

14.55 

1  1.16 

Organic  Yell  ow 

6. 69 

1  0  .  54 

Yellow  Dark  Orange 

Iron  Ox i d  e 

2  1  .  3  4 

1  0.63 

25  Micron  Clear  Ves 

1  c  u  1  a  t  e  d 

3  8.  80 

1  11.40 

Beads 


SAND  MILL  THE  ABOVE  TO  4  N.S. 
LET  DOWN 

50%  Wt.  Alkyd  Resin  -  Volume 
Sol  ids  41% 

Mineral  Spirits 
Exkln  §7 

C  a  !  c  I urn  Drier  6% 

Cobalt  Dr'er  12% 

Manganese  Drier  9% 

Zirco  Drier  12% 

Mineral  Spirits 

Carbazole  Violet  Shading  Paste 
TOTAL 


168.44 

72  .  76 
0. 81 
1  .  0  7 
1  .  81 
1.05 
3.07 
2  5.25 
10.86 
871,2  8 


22 . 00 

11.17 
0.10 
0.14 
0.21 
0.13 
0.38 
3 . 88 
1  .45 
100.00 


Theoretical  Weight  per  Gallon 
Volume  Solids  =  41. 3% 

Weight  Solids  =  55% 


8. 70 


F 

SUMMARY  OF  VI S IE 
COLOR  MEASUREMEN1 

Ml L-E-52 798A,  ENAMFL 
FINAL  BE 


Wnt  Length  _ _ 

%  Reflectance/Transmlttanee 


_ _ _  I  x  _ 

I  I 

Color  Measurements  I  6.66  I 


Infrared  Reflectance  Average 

»  Visible  Near— Red  Reflectance 

Average 

Ratio  Vlslble/lnfrared _ 


60  Degree  Gloss 
85  Degree  Gloss 


54 


%  Ref  lectance/T  ran  smi  t  t  met 


PERCENT  IRANSMITTANCE/TEH  ECTANCE 


FIGURE  35 

CURVE  OF  PERCENT  REFLECTANCE  VERSUS  WAVELENGTH 

Ml L-E-5?  7°  8A ,  ENAMEL  ALKYD ,  FOREST  GREEN,  TYPE  II 
FINAL  BEADED  FORMULATION 


DIANO  CORPORATION 


HARDY 

RECORDING  SPECTROPHOTOMETER 


WAVELENGTH  IN  NANOMETERS 


B-3  7 


FIGURE  36 

MIL-E-52  798A(KC)  ENAfcCL,  ALKYD  CAMOUFLAGE,  AIR  DRY,  TYPE  It 
FINAL  BEADED  FORMULATION 

■Y»  (BRIGHTNESS)  -.058-. 075 


■X»  VALUES  X  10 


FIGURE  2 

CHROMATIC  I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


FIGURE  37 

MIL-E-5279SA,  ENAMEL  ALICYD ,  FOREST  GREEN  TYPE  I 
300  HOUR  AND  500  HOUR  Q-U-V  WEATHER-OMETER ' PANELS  OF 
CONVENTIONAL  AND  BEADED  SYSTEMS 

& 


V  II  -  7 


FIGURE  39 


Ml L-C-461  68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
FOREST  GREEN,  TYPE  I,  PART  A  (BASE) 

CONVENTIONAL  STANDARD  FORMULATION 


I  Pounds 


I  Gallons 


PREMIX  AND  GRIND 
Cellosolve  Acetate 
Bentone  ft- 71 


16.82 

1.94 


MIX  UNDER  HOCKMEYER  -  THEN  ADD 
Diacetone  Alcohol 


MIX  UNDER  HOCKMEYER  -  THEN  ADD  I 

6  5  ^  W  t  .  Polyester  Resin  -  I  247.70 

Vo  I  ume  Solids  59“S  I 

Cellosolve  Acetate  I  26.77 

ButylAcetate  I  32.55 

Coba I  t  Green  1  22  2  .  59 

Medium  Chrome  Yellow  I  38.54 

Chromium  Oxide  I  20.77 

Molybdate  Orange  I  19.80 


26.00 


3 

.30 

4 

.47 

5 

.  1  2 

0 

.82 

0 

.48 

0 

.40 

COVER  FOR  PREMIX 
Cellosolve  Acetate 


SAND  MILL  TO  ff  6  GRIND  - 
1ST  MILL  WASH 
65%  Wt.  Polyester  Resin  - 
V  o I ume  Solids  59% 
Cellosolve  Acetate 


2  1.05 
17.90 


2ND  MILL  WASH 
Cellosolve  Acetate 


17.90 


REDUCE  THE  FOLLOWING 
Methyl  Ethyl  Ketone 


2  9.65 


SIFT  IN  AND  AGITATE  TO  ff  3  GRIND  ! 

Talc  1172.11 

Diatomaceous  Silica  I  105.90 


REDUCE  WITH  FOLLOWING 
Methyl  Ethyl  Ketone 
Butyl  Ace i ate 
Zinc  Octoate 


1  5  4.33 
2  8.18 
0 


2  3.00 
3.87 
0.50 


FIGURE  39 


Ml L-C-461 68A,  ALIPHATIC  POlYURETHANE,  CHEMICAL  AGENT  RESISTANT 
FOREST  GREEN,  TYPE  I,  PART  A  (BaSE) 

'  ’VENT  I ONAL  STANDARD  FORMULATION  (CON'T.) 


Pound* 

1 

Gal  Ion* 

GRIND  FOLLOWING  TO  #6  GRIND  ON  1 
SAND  MILL  AND  HOLD  FOR  SHAD  I NG 1 
Carbazole  Violet  Shading  Paste  I 

4.95 

1 

1 

J 

1 

0.39 

65%  Wt.  Polyester  Retln  -  1 

20 . 2  S 

1 

2.13 

Vo  1 ume  So li d  *  59%  1 

Cel iosolve  Acetate  1 

2  1.76 

1 

1 

2.68 

HOLD  FOR  GLOSS  1 

Diatomaceous  Silica  1 

8 . 84 

1 

1 

0.46 

TOTAL  1 

1,239.05 

1 

100.00 

MIX  4  PARTS  'A*  BASE  TO  1  PART  "B*  ACTIVATOR 

Theoretical  Weight  per  Gallon  =  12.40 
Volume  Solid*  35.0% 

Weight  Solid*  62.8% 


FIGURE  40 


MIL-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
FOREST  GREEN,  TYPE  I,  PART  A  (BASE) 

OFF-MILL  FORMULATION 


. . .  ■ 

1  Pounds 

1  Gallons 

Cellosolve  Acetate 

1 

1  41.78 

1 

1  5.15 

Bentone  #27 

1  1.58 

1  0.11 

Diacetone  Alcohol 

1  0.  80 

1  0.10 

6  5%  W t .  Polyester  Resin  - 

1  2  52.1  9 

1  26.46 

V  o 1 ume  Solids  59% 

1 

1 

Cellosolve  Acetate 

1  3  7  .  74 

1  5.18 

Cobalt  Green 

1  157.97 

1  3.65 

C  h  r  om i um  Oxide 

1  69.23 

1  1  .  62 

Organic  Br  own 

1  13.00 

1  1.05 

Medium  Chrome  Yellow 

1  39.50 

1  0.88 

Molybdate  Orange 

1  7.89 

1  0.15 

25  Micron  Clear  Vesiculated 

1  61.33 

1  18.03 

Beads 

1 

1 

1  -•  - 

SAND  MILL  THE  ABOVE  TO  4  N.S 

•  * 

1 

1 

| 

LET  DOWN 

1 

1 

Cellosolve  Acetate 

1  4  3.80 

1  6.33 

Methyl  Ethyl  Ketone 

1  1  74. 92 

1  26. G7 

Butyl  Acetate 

1  3  7.74 

1  5.18 

Zinc  Gctoate  22% 

1  0.45 

1  0.05 

TOTAL 

1  939.92 

1  100,00 

MIX  4  PARTS  "A"  BASE  TO  1  PART  *B«  ACTIVATOR 


Theoretical  Weight  per  Gallon  =  9.39 

Volume  Sol  ids  =  41.  1 % 

Weight  Solids  =  54.7% 


FIGURE  41 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 


Ml  L-C-461  68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FOREST  GREEN,  TYPE  I 
FINAL  BEADED  FORMULATION 


‘  -1 


r 

*71 


FIGURE  43 

MIL-C-461 68A(MR)  CAMOUFLAGE  CHEMICAL  AGENT  RESISTANT  COATING,  BEADED,  TYPE  I 

FINAL  BEADED  FORMULATION 

■Y"  (BRIGHTNESS)  -.058-. 075 


■X"  VALUES  X  10 


FIGURE  2 

CHROMATIC  I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


I  X  -  21 


FIGURE  44 


I 

i  < 


B 


SUMMARY  OF  O-U-V  WEATHER-OMETER  MEASUREMENTS 


COMPARISON  OF  Ml L-E-461  68A,  FOREST  GREEN,  TYPE  I,  BEADED  VERSUS  CONVENTIONAL 


in 

i 

HRS  QUV 

1  670 

1  730 

1 

Cap 

1 

1 

1  Gloss 

1  Gloss 

j 

S  amp  1  e 

j_ 

Exposure 

1  NM 

1  NM 

I 

ny  n 

1  Lx 

1 

Lv 

1  60° 

1  85° 

r 

r*: 

Conventional 

i 

i 

0 

1 

1  9.0 

1 

1  30.89 

“  1 

1 

7.45 

1 

1  0.329 

1 

1 

0.350 

1  0.6 

1 

1  1.8 

► 

i 

25 

1  9.04 

1  30.95 

1 

7.48 

1  0.329 

1 

0.350 

I 

1  - 

*  j 

V 

i 

50 

1  9.11 

I  31.05 

1 

7.60 

1  0.329 

1 

0.350 

1 

1 

■  ;i 

•m 

i 

75 

1  9.25 

1  31.12 

1 

7.  78 

1  0.327 

1 

0.349 

1  - 

I 

•  > 

i 

1  50 

1  10.21 

1  31.59 

1 

8.84 

1  0.325 

1 

0.346 

1  - 

1 

r i 

I-:-: 

i 

300 

1  10.84 

1  32.46 

1 

9.42 

1  0.324 

i 

0.346 

1  0.  5 

1  1.8 

r .. 

f/. 

i 

-1 

500 

1  11.38 

1 

1  33.28 

1 

1 

1 

1  0.02 

1  0.322 

1 

1 

1 

0.345 

1  0.5 

1  1.7 

1 

•3 

;  j 

A 

hi  Beaded 

i 

i 

0 

1 

1  8.53 

1 

1  28.1  6 

1 

1 

7.32 

1 

1  0.329 

1 

1 

0.350 

1 

& 

i 

25 

1  8. 53 

1  28.27 

1 

7.29 

I  0.329 

1 

0.350 

I 

1 

r 

;■ 

i 

50 

1  8. 59 

1  28.37 

I 

7.41 

1  0.329 

1 

0.350 

| 

I 

• l 

i 

75 

1  8.49 

1  28.24 

1 

7.31 

1  0.329 

1 

0 . 3  5  T- 

I 

1 

•„  4 

.5 
-  . 

i 

1  50 

1  8. 55 

1  27.98 

1 

7.55 

1  0.326 

1 

0.350 

| 

l 

•  3 

i 

300 

1  8.14 

!  28.15 

1 

7.19 

1  0.325 

1 

0.352 

I 

1 

J] 

lM 

t* 

m 

i 

i 

500 

1  8.07 

1 

1  28.19 

1 

1 

! 

7.19 

1  0.324 
! 

1 

! 

0.354 

1 

i 
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t-  r ' 


FIGURE  45 


MIL-C-4  61  6  8A,  ALIPHATIC  POLYURETHANE  ,  CHEMICAL  AGENT  RESISTANT 
FOREST  GREEN,  TYPE  II,  PART  A  (BASE) 


FINAL  OFF-MILL 

FORMULATION 

1 

Pounds 

1  Gallons 

Cellosolve  Acetate 

1 

1 

99.88 

1 

1  12.33 

Bentone  *34 

1 

6  .  82 

1  0.44 

Dlacetone  Alcohol 

1 

1.32 

1  0.16 

65%  Wt.  Polyester  Re 

sin-  1 

212.00 

1  22.27 

Volume  Solids  59% 

i 

1 

25  Micron  Clear  Vesi 

c  u  1  a  t  e  d  1 

5  9.53 

1  17.50 

Beads 

1 

1 

Cobalt  Green 

1 

112.76 

1  2.59 

Ch  r  om i  urn  Oxide 

1 

76.6? 

1  1.79 

Organic  Brown 

1 

1  1  .  72 

1  0.93 

Organic  Yellow 

1 

3  8.33 

1  2.37 

SAND  MILL  THE  ABOVE 

TO  4  GRIND  1 

LET  DOWN 

1 

! 

1 

1 

Cellosolve  Acetate 

i 

42.52 

1  5.47 

65%  Wt.  Polyester  Re 

Sin-  1 

21.48 

1  2.25 

Volume  Solids  59% 

1 

1 

Methyl  Ethyl  Ketone 

1 

176.49 

1  26.33 

Cel Icsolve  Acetate 

1 

26.58 

1  3.27 

Polyester  Resin 

1 

2  1.56 

1  2.26 

Zinc  Octoate  2 2% 

1 

0.51 

1  0.04 

TOTAL 

1 

908. 1  7 

1  100.00 

MIX  4  PARTS  "A"  BASE  TO  1  PART  » B "  ACTIVATOR 

Theoretical  Weight  per  Gallon  =  9.10 

Volume  Solids  =  4  1  % 

Weight  Solids  =  52% 


FIGURE  46 
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SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

MIL-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FOREST  GREEN,  TYPE  I  I 
FINAL  BEADED  FORMULATION 


Wave  length _ _ 

%  Rcflectance/Transmi t  t  a  n  c  e 


J _ 620 _ I  730 

I  I 

18.37  127.90 


_  _ _ I  x _ I  y _ I _ z _  I  L  x  j _ _ 

~  I  I  I  I  ~  I 

Color  Measurements  I  6.57  I  7.12  I  6.26  I  0.329171  0.35710 


I  Re  f  I  ec  t  an  c ej  Transmittance 


Infrared  Reflectance  Average! 

I 

Visible  Near-Red  Reflectancel 
Average  I 


Ratio  Visible/Infrared 


I 


4  5.157 
7.52 

6.0 


60 

il 

Degree 

Degree 

Gloss 

Gloss 

1 

1 

0 . 9 

1  .  2 

B-4  9 


•1 

.'l 
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•1 
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FIGURE  47 


Ml L-C-461  68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 
BLACK,  (LOW  GLOSS),  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

i 

1 

1 

I 

1 

1 

1 

I  Pounds 

!  Gallons 

Cellosolve  Acetate 

1 

1  25.30 

1 

1  3.12 

Bentone  #27 

1  2.00 

1  0.13 

Dlacetone  Alcohol 

1  1.21 

1  0.16 

65%  Wt.  Polyester  Resin  - 

!  2  71.00 

1  28.50 

V  o 1 ume  Solids  59% 

1 

1 

Cellosolve  Acetate 

1  13  7.00 

1  17.00 

Carbon  Black 

1  44.00 

1  3.12 

Black  Iron  Oxide 

1  65.00 

1  1.60 

Butyl  Acetate 

1  61.00 

1  8.50 

Methyl  Ethyl  Ketone 

1  21.20 

1  3.20 

25  Micron  Clear  Veslcuiated 

1  43.00 

1  12.62 

Beads 

1 

1 

SAND  MILL  THE  ABOVE  TO  4  N.S. 

! 

1 

1 

LET  DOWN 

1 

1 

\ 

1 

Methyl  Ethyl  Ketone 

1  143.00 

1  22.00 

Zinc  Oc  t  o  <t  t  c  2  2% 

1  0.52 

1  0.05 

TOTAL 

1  814.23 

1  100.00 

Theoretical  Weight  per  Gallon  =  8.14 

Vo  I ume  Solids  =  34.  30% 

Weight  Solids  40.50% 


B  -  5  0 


FIGURE  48 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

Ml L-C-461 68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
BLACK,  (LOW  GLOSS),  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Wave  Leneth 


%  Reflectance/ Transmittance 


I  6  70 


.53 


I  730 


I 

I  4.60 


I  z  I  L  x 


Color  Measurements  I  4.36  I  4.41  I  5.26  I  0.310621  0.31444 


I  %  Re f I e c t a n c e /T r a nsm I t t anc e 


Gloss 

Gloss 


-5 


FIGURE  49 

Ml L-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FIELD  DRAB,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■ 

\ 

1 

I 

1 

1 

1 

1 

[ 

1 

1 

1 

1 

1 

1 

1 

1  Pounds 

I  Gallons 

Cel  1  os  o 1 ve  Acetate 

1 

1  32.28 

1 

1  4.00 

Bento n e  #3* 

1  2.50 

1  0.18 

Di  acetone  Alcohol 

1  1.40 

1  0.18 

65%  Wt.  Polyester  Resin  - 

1  380.00 

1  40.00 

V  o I ume  Solids  59% 

I 

1 

Cellosolve  Acetate 

1  13  8.00 

1  17.00 

Ch  r  oir  i  um  Oxide 

1  115.00 

1  2.70 

Yellow  Dark  Orange  Oxide 

1  145.00 

1  4.32 

Red  Ox i d  e 

1  23.00 

1  0.56 

Titanium  Dioxide 

I  3  .  70 

1  0.11 

25  Micron  Clear  Vesiculated 

1  53.00 

1  15.45 

Beads 

1 

1 

SAND  MILL  THE  ABOVE  TO  4  N.S. 

I 

1 

1  _*  _ 

LET  DOWN 

1 

1 

1 

Cellosolve  Acetate 

1  32.00 

1  4.00 

Butyl  Acetate 

1  49.00 

1  6.70 

Methyl  Ethyl  Ketone 

1  24.50 

1  3  .  72 

Zinc  Octoate  22% 

1  0.80 

1  0.08 

SHADE  WITH 

1 

1 

1 

Carbon  Black  Paste 

I  9.40 

1  1  .00 

TOTAL 

1  1 ,009.58 

1  100.00 

MIX  4  PARTS  "A"  (BASE)  TO  1  PART  *B"  (ACTIVATOR) 

Theoretical  Weight  per  Gallon  =  10.10 
Volume  Solids  =  47.2  7% 

Weight  Solids  =  58.64% 


FIGURE  50 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

Ml L-C-461 S8A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FIELD  DRAB,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Wave  Length 


%  Reflectanc e/Transml ttance 


I  670 


!  16.88 


I  730 


I  24.49 


I  x 


I  I  I  I  I 

Color  Measurements  1  10.95  I  10.84  I  6.55  I  0.386461  0.38251 


FIGURE  51 


% 


r*mv 


M I  L-C-461  68A  ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

OLIVE  DRAB,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


& 

r; 
►!.  ■ 


\  :• 


1  Pounds 

1  Gallons 

Cellosolve  Acetate 

1 

1  72.60 

1 

1  9.00 

Bentone  #34 

1  6.70 

1  0.45 

Diacetone  Alcohol 

1  0.90 

1  0.11 

65%  Wt.  Polyester  Resin  - 

1  292.00 

1  30. oO 

Vo  1 ume  Solids  5  9% 

1 

1 

Cellosolve  Acetate 

1  161.40 

1  20.00 

Modaflow  Solution  -  Volume 

1  4.32 

1  0.56 

Sol  ids  50% 

1 

1 

Yellow  Dark  Orange  Oxide 

1  169.00 

I  5.10 

Red  Oxide 

1  20.00 

1  0 . 5C 

Titanium  Dioxide 

1  19.00 

1  0.5  7 

Phthalo  Blue 

I  8  .  OC 

1  0.60 

25  Micron  Clear  Vesiculated 

1  43.00 

1  12.75 

Beads 

1 

1 

| 

SAND  MILL  THE  ABOVE  TO  5  N.S. 

1 

1 

t 

l 

i 

t 

LET  DOWN 

1 

1 

l 

i 

Cellosolve  Acetate 

I  26.00 

1  3.20 

Methyl  Ethyl  Ketone 

1  109.00 

1  16.50 

Zinc  Octoate  22% 

1  0.67 

1  0.06 

TOTAL 

1  932.59 

1  100.00 

MIX  4  PARTS  "A"  (BASE)  TO  1  PART  »B*  (ACTIVATOR) 


Theoretical  Weight  per  Gallon  =  S.33 

Volume  Solids  =  38.3  0% 

Weight  Solids  =  49.00% 


B  -  54 


FIGURE  52 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

MIL-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 

OLIVE  DRAB,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


I  94  Ref  I  ectince/  Transmittance 


FIGURE  53 


Ml L-C-461 6SA,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

SAND,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


1  Pounds 

1  Gallons 

Cellosolve  Acetate 

T 

1  21.80 

1 

1  2.70 

Bento  n  e  ft  27 

1  1.90 

1  0.13 

Dlacetone  Alcohol 

1  1.05 

1  0.13 

65%  Wt.  Polyester  Resin  - 

1  292.00 

1  30.70 

V  o 1 ume  Solids  59% 

1 

1 

Cellosolve  Acetate 

1  76.80 

1  9.51 

Butyl  Acetate 

1  72.78 

1  10.00 

Titanium  Dioxide 

1  1 55. 00 

1  4.65 

Ye  1  low  Ox i d  e 

1  31.00 

1  0.92 

Red  Oxide 

1  5.40 

1  0.12 

Ch  r  om i urn  Ox  I d  e 

1  27.50 

1  0.65 

25  Micron  Clear  Vesiculated 

1  53.00 

1  15.45 

Beads 

1 

1 

1 

SAND  MILL  THE  ABOVE  TO  4  N.S. 

1 

I 

| 

I 

LET  DOWN 

I 

i 

1 

i 

Cellosolve  Acetate 

1  1 1 0. 00 

1  1  3 . 81 

Methyl  Ethyl  Ketone 

1  74.12 

1  11.18 

Zinc  Octoate  22% 

1  0.53 

1  0.05 

TOTAL 

1  922.88 

i  Too. 00 

MIX  4  PARTS  "A"  (BASE)  TO  1  PART  ,B»  (ACTIVATOR) 

Theoretical  Weight  per  Gallon  ~  9.23 
Volume  Solids  =  40.00% 

Weight  Solids  =  50.24% 


FIGURE  54 


SUMMARY  OF  VISIBLE  NEAR-REO  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

M I L-C-4 61  6 8A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

SAND,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Wa  v  c  L  e  n  g  t  h  1670  I  730 

I  I 

%  Reflectance/Transmittance _ I  3  9.03 _ I  51.95 


_ J _ x _ I  y  I  z _ I  L  x _ I  Ly _ 

I  III  I 

Color  Measurements  I  28.19  L  28.79  L  20.68  L  0.36295L  0.37070 


% 


•  _  r  _  .  _  .  J  n.it  -  .a...  ..  A  ......  . 

I  II  II  A  I  o  u  rs  c  I  (CViAMVv  V  I  ejv 

Visible  Near-Red  Reflectance 
Average 


R  eflectance/Transmlttance 

<7  7  7 

</  I  •  *  W 


35.15 


FIGURE  55 


Ml L-C-461 68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
AIRCRAFT  INSIGNIA  BLUE,  PART  A  (BASE) 

FIN«L  8EADED  FORMULATION 


I  Pounds 


I  G.  I  Ions 


Cellosolve  Acetate 

233.40 

1  28.75 

Bentone  #34 

3 . 00 

1  0.20 

Diicetone  Alcohol 

1.30 

1  0.15 

65%  Wt.  Polyester  Resin  - 
Vo  1 ume  Solids  59% 

2  74 . 00 

1  28.75 

1 

75%  Wt,  Saturated  Polyester  - 
Volume  Solids  71.5% 

69. 30 

1  7.50 

1 

Phthalo  Blue  Green  Shade 

43.00 

1  3.30 

General  Carbon  Lamp  Black 

SAND  MILL  THE  ABOVE  TO  5  N.S. 

53.00 

1  15.59 

1 

1 

I 

let  DOWN 

1  _• 

Cellosolv*  Acetate 

50.00 

1  '6.17 

Butyl  Acetate 

66.00 

1  9.20 

Zinc  Oc  toate  22% 

0 . 70 

1  0.07 

rrsr  *  i 

7  O  A  .  <  r> 

i  ion.no 

•  v  •  r»  a. 

MIX  4  FARTS  * A*  (BASE)  TO  1  PART 

1 

B ■  (ACTIVATOR) 

Theoretical  Weight  per  Gallon  ~ 
Vo  1 ume  Solids  3  41.73% 

Weight  Solids  *  41.82 

7. 

99 

figure  56 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

MIL-C-461 6SA,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 
AIRCRAFT  INSIGNIA  BLUE,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Wive  Lenith 


%  Reflectance /Transmittance 


I  670 


I  3 . 84 


I  730 


I  4.48 


I  %  Rtf  lectince/Tnniml  ttmce 


FIGURE  57 


1 

.  1 


5  Ml L-C-461 68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 

AIRCRAFT  WHITE,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


1 

1 


§ 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

\ 

1 

1 

1 

M  ^  M  up  pa  «■  HiaiauMM  M  ■ 

1  Pound 

1  Gallons 

Cellosclve  Acetate 

1 

1  134.00 

! 

t  16.50 

Eentone  #34 

1  2.28 

1  0.15 

Diacetone  Alcohol 

1  0.93 

1  0.12 

65%  Wt.  Polyester  Resin  - 

I  199.18 

1  20.90 

V  o 1 ume  Solids  59% 

i 

1 

75%  Wt.  Saturated  Polyester  - 

1  56.86 

i  6.18 

Volume  Solids  71.5% 

1 

1 

Titanium  Dioxide 

1  345.00 

1  10.34 

25  Micron  Clear  Veslculated 

1  39.00 

1  11.47 

Beads 

1 

1 

1 

| 

SAND  MILL  THE  ABOVE  TO  5  N.S. 

1 

| 

1 

LET  DOWN 

l 

1 

Cellosolve  Acetate 

1  1 06. 00 

1  13.23 

Methyl  Ethyl  Ketone 

1  80.31 

1  12.00 

Riitvl  Acetate 

1  65.89 

!  9.05 

Zinc  Octoate  22% 

1  0.55 

1  0_.0j> 

TOTAL 

1  1,030.00 

1  100.00 

MIX  4  PARTS  * A"  (BASE)  TO  1  PART  «B*  (ACTIVATOR) 


Theoretical  Weight  per  Gallon  = 
Vo  I  time  Solids  =  38.7  0% 

Weight  Solids  =  54.30% 


10.30 


FIGURE  58 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

M I L-C-461 68A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

AIRCRAFT  WHITE,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Wave  Length 

1  6  70 

i  73*0 

%  Ref  1  ectmce/T  rinsutl  ttince 

1 

1  90.57 

1 

1  89.78 

1  X 

1  Y  1 

1  z  1  L  x  1  L  y 

Color  Measurements 

1 

1  89.55 

1  1 
1  91.74  1 

1  1  1 

1  107.251  0.31  034 1  0.31  796 

I  *•  Reflect  3  nee/ T  r a  n  s  m  i  t  line  e 


1 

Infrared  Reflectance  Average! 

89.22 

Visible  Near-Red  Reflectancel 
Average  1 

1 

Ratio  Visible/Infrared  1 

91  .04 

0.98 

60 

85 

Degree 

Degree 

Gloss  1 

Gloss  1 

3 . 0 

4 . 1 

* 


B  -61 


FIGURE  59 


Ml L-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

AIRCRAFT  8 LACK ,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


Cellosolve  Acetate 
Ben  tone  #34 
Dlacetone  Alcohol 
65%  Wt.  Polyester  Resin  - 
Volume  Solids  59% 

75%  Wt.  Saturated  Polyester  - 
Volume  Solids  71.5% 

Butyl  Acetate 
Carbon  Black 
Black  Iron  Oxide 
25  Micron  Clear  Vesiculated 
Beads 

SAND  MILL  THE  ABOVE  TO  5  N.S. 

v.-.--.  LET  DOWN 

'■TP  Cellosolve  Acetate 

Methyl  Ethyl  Ketone 
Zinc  Octoate  22% 

total 


1 

Pounds 

1  Gallons 

1 

1 

131.50 

1 

1  16.30 

1 

2  .  20 

1  0.15 

1 

0.90 

1  0.12 

1 

t 

220.00 

1  23.00 

1 

1 

1 

1 

56.00 

1 

1  6.00 

1 

1 

1 

70 . 00 

1 

1  9  .  70 

1 

39.00 

1  2.68 

1 

56.00 

1  1.37 

1 

1 

1 

1 

43.00 

1  12.62 

1 

1 

1 

t 

1 

32  .  30 

1 

1 

1 

1  4.00 

i 

159.12 

1  24.00 

1 

0 . 50 

1  0.06 

1 

81  0. 52 

1  100.00 

MIX  4  PARTS  *  A ■  (BASE)  TO  1  PART  »B"  (ACTIVATOR) 


o  n  = 


Theoretical  Weight  per  Gall 
Volume  Solids  -  34.7  0% 
Weight  Sol  1 ds  =  40.12% 


8.11 


FIGURE  60 


t  ,  ■ 


L-'i 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 


f-5. 

r-:- 


MIL-C-461  6  8A  , 


ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 
AIRCRAFT  BLACK,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


i  7  • 

r ; 

fs 

Wave  Length  1670 

1  730 

[■  ■ 

1 

%  Reflectance/Transmittance  1  4.12 

1 

1  4.17 

fs 


i 


F.'-! 


1  x  1 

_L 

1  z  1  L  x  1 

Ly  „ 

1  1 

Color  Measurements  1  3.99  1 

4 

1  1  1 
.05  1  4.78  1  0.311181 

0.31599 

* 

1 

% 

Reflectance/Transmi  ttmce 

1 

Infrared  Reflectance  Average! 

I 

Visible  Near-Red  Reflectancel 

4.24 

4.09 

Average  I 

I 


••1 

'f 

Y] 

'•"i 

*  m 


Ratio  Visible/Infrared 


1.036 


FIGURE  61 


MIL-C-461 68A, 


ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 
AIRCRAFT  GREEN,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


1 

1 

1 

1 

i 

a 

• 

Pounds 

1  Gallons 

Cellosolve  Acetate 

72  .  70 

1 

1  9.90 

Bentone  #27 

1.30 

1  0.10 

Diacetone  Alcohol 

0.  80 

1  0.10 

65%  Wt.  Polyester  Resin  - 

2  84  .  70 

1  30.00 

V  o 1 ume  Solids  59% 

1 

Yellow  Iron  Oxide 

78.  70 

1  2.35 

Carbon  Black 

23.30 

1  1.60 

Black  Iron  Oxide 

3  i .  30 

1  0.78 

Red  Oxide 

20.60 

1  0.50 

1 

SAND  MILL  THE  ABOVE  TO  5  N.S. 

1 

1 

1 

LET  DOWN 

1 

Cellosolve  Acetate 

65.00 

1  '8.00 

Methyl  Ethyl  Ketone 

100.00 

1  15.10 

Zinc  Octoate  22% 

0 . 60 

1  0.06 

1 

SIFT  IN  AT  HIGH  S FEED 

1 

1 

25  Micron  Clear  Vesiculated 

50.00 

1  1  4  .  71 

Beads 

1 

1 

DISPERSE  THE  ABOVE  TO  0-1  N.S. 

1 

i 

REDUCE  WITH 

1 

1 

Methyl  Ethyl  Ketone 

111.40 

1  16.80 

TOTAL 

841  .40 

1  100.00 

MIX  4  PARTS  "A*  (BASE)  TO  1  PART  *  B  ■  (ACTIVATOR) 

Theoretical  Weight  per  Gallon  =  7.76 

Volume  Solids  =  37.7  046 
Weight  Solids  =  46.50% 


B  -  64 


'  TJ.-W1 


ss 


FIGURE  62 


SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 


MIL-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 

AIRCRAFT  GREEN,  PART  A  (BASE) 

FINAL  BEADED  FORMULATION 


60 

Degree 

Gloss 

1 

0. 7 

.1 

.1 

85 

Degree 

Gloss 

1 

1  .0 

FIGURE  63 

MIL-C-461  68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGEKfT  RESISTANT, 
300  HOUR  Q-U-V  WEATHER-OMETER  OF  FIELD  DRAB  AND  BLACK 
CONVENTIONAL  VERSUS  BEADED  SYSTEMS 


c 


B  -  6  6 


FIGURE  64 


Ml L-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 
FOREST  GREEN,  TYPE  II,  PART  A  (BASE) 

CONTAINING  COBALT  VESICULATED  BEADS 


1 

Pounds 

1  Gallons 

PREMIX  AND  GRIND 

1 

1 

1 

1 

Cel  1  oso  1  ve  Acetate 

1 

91  .  79 

1  11.33 

Bentone  34 

1 

6.30 

1  0.42 

Diacetone  Alcohol 

1 

1.23 

1  0.15 

MIX  UNDER  HOCKMEYER  - 

1 

THEN  ADD  1 

1 

1 

65%  Wt.  Polyester  Res 

n  -  1 

214.66 

1  22.98 

V  o 1 ume  Solids  59% 

i 

1 

25  Micron  Vesiculated 

Cobalt  1 

116.00 

I  22.51 

Beads 

1 

1 

Ch  r  om  i  urn  Ox  i  d  e 

1 

1  45. 73 

1  3.43 

Organic  Brown 

1 

12.76 

1  .1.02 

25  Micron  Vesiculated 

Inert  1 

18.23 

1  ‘3.5  9 

Beads 

1 

1 

Ce 1  1 oso  1  ve  Acetate 

1 

3  9.07 

1  4  .  82 

SAND  MILL  TO  4  N.S. 

1 

! 

I 

1 

LET  DOWN 

1 

1 

1 

1 

65%  Wt.  Polyester  Res 

n  -  l 

1  9.  82 

1  2.08 

Vo  1 ume  Solids  59% 

i 

1 

Methyl  Ethyl  Ketone 

i 

1  6.22 

1  24.17 

Cel  1  os  ol ve  Acetate 

i 

2  4.43 

1  3.01 

Zinc  Octoate 

i 

0.49 

1  0.05 

Carbazole  Violet  Shad 

n  g  Paste  1 

3  .  96 

1  0.44 

TOTAL 

1 

856.67 

1  100.00 

MIX  4  PARTS  *A«  (BASE)  TO  1  PART  ■ B  *  (ACTIVATOR) 


Theoretical  Weight  per  Gallon 
Volume  Solids  =  45.7% 

Weight  Solids  =  52.6% 


8.56 


SUMMARY  OF  VI SIBI 
COLOR  MEASUREMENT! 


Ml L-C-461 68A,  ALIPHATIC  POLYI 

FOREST  ( 
CONTAINING  COB/ 


CURE  65 


NSMITT 


FIGURE  66 


CURVE  OF  PERCENT  REFLECTANCE  VERSUS  WAVELENGTH, 
MIL-C-461 68A,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FOREST  GREEN,  TYPE  tl 
CONTAINING  COBALT  VESICULATED  8EADS 


WAVELENGTH  IN  NANOMETERS 


B  -  6  9 


FIGURE  67 

Ml  L-C-461 68A  (MR)  CAMOUFLAGE  CHEMICAL  AGENT  RESISTANT  COATING 
FOREST  GREEN,  TYPE  II,  CONTAINING  COBALT  VESICULATED  BEADS 


«Y»  (B  RIGHTNESS)  -.058-.  075 


•X"  VALUES  X  10 


FIGURE  2 

CHROMATIC  I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


-  2795 


FIGURE  68 


MIL-C-461 68A ,  ALIPHATIC  POLYURETHANE. 

CHEMICAL  AGENT  RESISTANT,  FOREST  GREEN,  TYPE  I, 

PART  A  (BASE) 

CONTAINING  PIGMENTED  BEADS  IN  PLACE  OF  PRIME  PIGMENTS 


Pounds 

1  Gallons 

PREMIX  AND  GRIND 

1 

1 

CeMosolve  Acetate 

66.43 

1  8.20 

Bentone  34 

4.56 

1  0.30 

Diacetone  Alcohol 

0  .  89 

1  0.12 

1 

MIX  UNDER  HOCKMEYER  - 

THEN  ADD  1 

i 

65%  Wt .  Polyester  Resi 

n  -  1 

1 69. 70 

1  1  7.  80 

Volume  Solids  59% 

1 

25  Micron  Cobalt  Green 

56.52 

1  10.66 

Vesiculated  Beads 

1 

25  Micron  Chrome  Oxide 

105.48 

1  1  9. 89 

Vesiculated  Beads 

25  Micron  Brown  Solid 

Beads  1 

9.24 

1  6.80 

Methyl  Ethyl  Ketone 

117.39 

1  1  7. 70 

CeMosolve  Acetate 

45.96 

1  5.66 

| 

SAND  MILL  TO  4  N.S. 

1 

| 

LET  DOWN 

1 

65%  Wt.  Polyester  Resi 

n  -  1 

120.00 

CO 

w» 

• 

Vo  1 ume  Solids  59% 

1 

Methyl  Ethyl  Ketone 

42.00 

1  6.26 

Zinc  Octoate 

0.3  5 

1  0.04 

TOTAL 

73  8  .  52 

1  100.00 

MIX  4  PARTS  •A"  (BASE)  TO  1  PART  »B»  (ACTIVATOR) 

Theoretical  Weight  per  Gallon  =  7.38 

V o I ume  Solids  -  49.5% 

Weight  Solids  =  49.3% 


B-71 
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FIGURE  69 

SUMMARY  OF  VISIBLE  NEAR-RED  AND  INFRARED 
COLOR  MEASUREMENTS  AND  GLOSS  MEASUREMENTS 

M I L-C-4 61 6  8A ,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT 

FOREST  GREEN,  TYPE  I  , 

CONTAINING  PIGMENTED  BEADS  IN  PLACE  OF  PRIME  PIGMENTS 


Wave  Length 


%  R e f I e c t i n c e /T r a n I t t a n c e 


I  670 


I  11.02 


I  730 


I  26.22 


Color  Menur  eme  n  t  s  I  6.62  I  7.07  I  6.29  I  0.3313  !  0.3  53  8 


I  %  Ref  I  «ctince/Tr  amml  t  ttnce 


I  T1  I  I  4  1  «  u  rvvi  i  v  v  i  «  h  w  v  /v  v  v  t  •  5  v  • 


Visible  Near-Red  Reflectance! 
Average  I 

I 

Ratio  Visible/Infrared  ’ 


48.26 


60  Degree  Gloss 
85  Degree  Gloss 


FIGURE  70 


CURVE  OF  PERCENT  REFLECTANCE  VERSUS  WAVELENGTH 
MIL-C-461 6SA,  ALIPHATIC  POLYURETHANE,  CHEMICAL  AGENT  RESISTANT, 

FOREST  GREEN,  TYPE  I , 

CONTAINING  PIGMENTED  BEAOS  IN  PLACE  OF  PRIME  PIGMENTS 


to* 


DIANQ  CORPORATION 


HAROY 

ACeOAOINO  SACCTAOAHOTOMrrtA 


380  400  20  40  60  80  500  20  40  60  80  600  20  40  60  30  '00 

WAVELENGTH  IN  NANOMETERS 


B-  7  3 


FIGURE  71 


MIL-C-461 68A(MR) ,  ALIPHATIC  POLYURETHANE ,  CHEMICAL  AGENT  RESISTANT  COATING, 
FOREST  GREEN,  TYPE  I,  CONTAINING  PIGMENTED  BEADS  IN  PLACE  OF  PRIIVtt  PIGMENTS 


■Y*  (BRIGHTNESS)-  .058-. 075 


3.70 


3.65 


3.60 


3 


3.50 


3.45 


3.40 


•X"  VALUES  X  10 


FIGURE  2 

CHRCMAT I C I TY  DIAGRAM  FOR  CAMOUFLAGE  PAINT 
COLOR  -  FOREST  GREEN 
NOTE:  COLOR  ELLIPSE  IS  2.  NBS 
UNITS  FROM  CENTER  VALUES 


I  X  -  2795  I 


